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ABSTRACT
Laboratory, greenhouse, and field investigations were conducted
to determine the influence of pendimethalin (N-(l-ethylpropyl)-3,4-
dimethyl-2,6-dinitrobenzenamine), trifluralin (2,6-dinitro-N»N-di-
propyl-4-(trifluoromethyl)benzenamine), and other selected herbicides
on the Bradyrhizobium japonicum (3I1B110)-soybean (Glycine max, (L.)
Merr.) symbiosis. Bradyrhizobium japonicum, strain 110 growth on
yeast extract mannitol (YEM) agar was not inhibited by most herbicides
-1in direct contact with cells when applied at 10 to 2000 mg L 
Pendimethalin and trifluralin inhibited B. japonicum growth at levels 
over 2000 mg L *. Bradyrhizobium japonicum growth in YEM broth was 
not inhibited by pendimethalin or trifluralin at 100 mg L 
Metolachlor (2-chloro-IJ-(2-ethyl-6-methylphehyl)-N-(2-methoxy-l-meth- 
ylethyl)acetamide at 10 mg L * increased growth in YEM broth during 
the first four days of a 13-day incubation period. Respiration by JJ. 
japonicum was decreased by pendimethalin at 100 mg L \  even when 
arabinose or glucose was added to the inoculated media. Evolution of 
CO2  was higher when arabinose was included as the carbon source.
Nodule number, dry weight of nodules, roots, and plants, and 
^(CjH^) fixation per plant of Forrest cv. soybeans were significantly 
decreased by trifluralin at 0.90 and 1.80 kg ha * equivalent in the
fgreenhouse. Linuron (N -(3,4-dichlorophenyl)-N-methoxy-N-methylurea) 
inhibited nodule number, and nodule and plant dry weight. 
Pendimethalin decreased nodule dry weight and production per
plant of Centennial cv. soybeans at 0.75, 1.00, and 1.25 kg ha * in
xi
the greenhouse. Plant dry weight was decreased at 1.25 kg ha *. 
Trifluralin decreased nodule and plant dry weight at 1.00 and 1.25 kg 
ha *, and production per plant at 0.75, 1.00, and 1.25 kg ha~*.
Pendimethalin and trifluralin injured Centennial cultivar 
soybeans at 1.12, 1.68, and 2.24 kg ha * when grown on an Olivier silt 
loam. Nodule number and dry weight, and ^**4 production were 
decreased during vegetative growth at all rates in 1984. Seedling 
injury caused by pendimethalin and trifluralin was not as severe in 
1985, with most injury occurring at 1.68 and 2.24 kg ha Nodule 
number and dry weight were decreased up to the R3 growth stage. 
Occasional inhibition of production was found. Inhibitory
effects were not present at seed formation, and seed yield was not 
affected in either year.
xii
INTRODUCTION
Nitrogen (Nj) is the most abundant element in the earth's 
atmosphere. Comprising 78% by volume, the air over a single hectare 
of land contains over 87,360 Mg ha Green plants cannot survive
without N, and yet they are not capable of utilizing any of this 
tremendous reserve of atmospheric Nj on their own. However, one group 
of plants, the legumes, are able to utilize Ng when in symbiosis with 
selected rhizobia species of bacteria.
One of the most important legume-rhizobia associations involves 
soybean, Glycine max, (L.) Merr., and Bradyrhizobium japonicum. 
Soybeans have become of major importance worldwide for their protein, 
oil, and fat content. Soybeans and their by-products are consumed by 
humans and animals, and have Industrial use as well.
Weed control in soybeans, as in many other agricultural crops, Is 
one of the most important and expensive inputs in production. There 
is a growing interest in minimum tillage weed control for soil 
conservation purposes. A minimum tillage system would rely heavily on 
herbicides. Microorganisms play a major role in the many chemical and 
biological transformations that take place in the soil, and 
considerable research has been devoted to herbicide-microflora 
interactions.
Johnen (1977) felt that there were four major factors which 
affect how herbicides influence soil microorganisms: (1) physico­
chemical soil characteristics, (2) biological status of the soil, (3) 
climatic influences, and (4) agricultural practices. Interaction of
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these factors present problems In trying to quantify the effects of 
herbicides on soil microorganisms, especially japonicum. Gaur
(1980) in summarizing the findings of many researchers concluded that 
herbicides can affect rhizobia and legume nodulation. Generally, he 
found the dinitroaniline, triazine, and carbamate herbicides to be 
inhibitory to both the rhizobia bacteria and the nodulation process. 
However, the consensus of opinion appears to support the view that 
inhibitory effects are the result of action on the host plant rather 
than the rhizobia.
The techniques available for the study of herbicide influences on 
rhizobia also present problems. Pure culture studies do little to 
assess the potential of herbicide actions in the soil. However, these 
studies are necessary, since rhizobia can come into direct contact 
with herbicides in the soil. It is difficult to quantify herbicide 
effects on rhizobia in the field, because the amount applied per unit 
area is not always indicative of the influence of the herbicides when 
in direct physical contact with rhizobial cells. Herbicide effects 
below the zone of Incorporation are disregarded. However, it is 
logical to assume that the most important area of study is the root 
rhizosphere, and this area often extends well below the zone of 
herbicide incorporation.
Laboratory, greenhouse, and field investigations were conducted 
to assess the potential effects of herbicides commonly used in 
Louisiana soybean production systems. Very little of this research 
has been conducted in the southeastern United States. Louisiana is 
somewhat unique in that environmental conditions such as high humidity 
and temperature, and at times excessive amounts of rainfall are quite
variable during the growing season. Consequently, the herbicide
effects on soybean production may vary as well.
Emphasis was placed on trifluralin and pendimethalin. 
Trifluralin has been used for the control of annual grasses and 
small-seeded broadleaf weeds in cotton (Gossypium hirsutum L.) and
soybeans for many years. It has been the subject of numerous
investigations involving its effects on nodulation and Nj fixation of 
many legumes. Pendimethalin is a relatively new herbicide, and little
research has been conducted to determine its effect on nodulation and
Ng fixation of soybeans. Since trifluralin and pendimethalin are
similar in their formulation, application, activity, and use,
comparisons were made to elucidate the potential effects of
pendimethalin on soybean nodulation and fixation.
LITERATURE REVIEW
Weeds have plagued man since biblical times. Early agriculture 
relied on hand cultivation for weed control. This was followed by 
animal-powered implements after which mechanized cultivation became 
important with the development of the internal combustion engine. The 
use of chemicals to control weeds began in the early 1900's, with such 
compounds as table salt, iron sulfate, copper sulfate, and sodium 
arsenite. Bolley stated, "When the farming public has accepted this 
method (selective weed control) of attacking weeds...the gain to the 
country at large will be much larger than in monetary consideration 
than that which has been afforded by any other single piece of 
investigation applied to field work in agriculture" (Klingman and 
Ashton, 1975).
The widespread use of chemical herbicides for weed control opened 
up a new area of research. Besides the obvious studies involving 
herbicide activity, selectivity, etc., researchers also became 
interested in the effects of herbicides on soil microorganisms and the 
transformations they brought about. One soil microorganism which 
might be affected by the application of herbicides is Rhizobium, a 
bacterium which enters into a symbiotic association with a leguminous 
plant to fix ^  biologically. Nitrogen fixation by the legume- 
rhizobia symbiosis is of unquestionable importance throughout the 
world. Nitrogen produced by biological processes has become more 
important as the manufacture of fertilizer-N becomes more and more ex­
pensive due to higher costs of oil and natural gas required for its
production. The possibility exists for the legume-rhizobia symbiosis 
to be adversely affected by herbicide application. Therefore, it is 
important to know the impact of herbicides on this system so that use 
of chemicals for weed control can be handled in such a manner as to 
minimize any harmful effects.
Early reviews have shown that many herbicides may harm soil 
microorganisms or suppress their activities if applied at excessive 
rates (Parr, 1974; Gaur, 1980). Recommended rates of most incorporated 
herbicides seldom exceed 2 to 3 mg kg However, herbicides that are 
surface- or foliar-applied, or improperly incorporated, can result in 
zones of high concentration. Many laboratory investigations have 
determined the effects of extremely high concentrations of herbicides 
on rhizobia and other soil microorganisms. While these rates are 
impractical to consider in applied agriculture, this information does 
show there is a possibility for detrimental effects to occur.
There is some disagreement in the literature regarding the 
effects of herbicides on the 1egume-Rhizobium symbiosis. Studies 
conducted by different researchers using the same herbicides have 
given conflicting results. One factor contributing to this problem 
involves the lack of standardized tests for monitoring herbicides 
effects. Several test systems have been proposed for studying 
herbicide effects on soil microorganisms (Jagnow, 1981; Johnen and 
Drew, 1977). Johnen et al. (1978) conducted a greenhouse study with 
soybeans, Glycine max, (L.) Merr., to establish methodology for 
demonstrating herbicide effects on symbiotic ^  fixation. Dry weight 
of shoots, pods, roots, nodules, and whole plant, number and size of 
nodules, N-content of shoots, pods, roots, and whole plant, 02^
production by ^2^2 re<*uct*-on» an<* leghemoglobin content (visual color 
assessment) were measured. Nodule activity and total number and 
weight of nodules correlated poorly with the N-content of the plant 
constituents and the whole plant. Lower levels of nodule activity 
were reflected by reduced growth and yield rather than by changing the 
N-content of the various plant parts. They concluded that 
standardized systems for testing the effects of soil-applied 
herbicides on activities of soil microorganisms could not be used for 
studies when there is a plant-microorganism interaction involved. 
Herbicide treatment, timing, and sampling should take into account any 
direct effects which a chemical may exert on the test plant as well as 
on its mode of action and time of application. Johnen et al. (1978) 
concluded that the best parameters for herbicide assessment appeared 
to be nodule number and weight, nitrogenase activity by ^2^2 
reduction, and seed yield. Size of nodules, N-content of the plant 
and its parts, and leghemoglobin content were not adequate for 
assessing herbicidal effects. Greaves et al. (1978) conducted a 
greenhouse experiment with pea (Pisum sativum L.) treated with 
alloxydim-sodium (methyl 2,2-dimethyl-4,6-dioxo-5-[l-[(2-propenyloxy)- 
amino]butylidene]-cyclohexanecarboxylate, sodium salt) at the rate of 
2 and 4 kg ha * equivalent. The study was repeated four times. 
Results of their studies agreed with Johnen et al. (1978) on the 
problems encountered when assaying for herbicide effects on legume 
systems. Nitrogen fixation values measured by ^2^2 reduction are 
usually associated with large standard errors, while nodule number and 
weight measurements have high coefficients of variation. Conducting 
the pot experiment in the greenhouse four times also displayed the
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inconsistency of results in these types of studies. Although there 
are discrepancies between similar studies conducted by different 
researchers, there is some general agreement that the depressive 
effects of herbicides on the legume-Rhizobium symbiosis is a result of 
direct action on the host plant rather than on the Rhizobium (Garcia 
and Jordon, 1967; Greaves and Malkomes, 1980; Audus, 1970; Carlyle and 
Thorpe, 1947; Kapusta and Rouwenhorst, 1973; Sud et al., 1973). 
Although some laboratory studies have shown Rhizobium to be sensitive 
to some herbicides when grown in pure culture systems, sensitivity has 
usually occurred at extremely high concentrations.
Herbicide Effects on Bradyrhizobium japonicum-soybean symbiosis
A considerable amount of research has been devoted to the study 
of herbicide effects on Rhizobium species and legumes, especially 
Bradyrhizobium japonicum and soybeans (R^ japonicum has recently been 
reclassified as a slow-growing Rhizobium type, and is now named 
Bradyrhizobium j aponlcum). Studies have shown effects on symbiotic ^  
fixation ranging from inhibition to stimulation. Generally, there is 
disagreement as to how herbicides affect symbiotic fixation.
The herbicide trifluralin (2,6-dinitro-N,N-dipropyl-4-(trifluoro- 
methyl)benzenamine) has been the subject of numerous investigations, 
probably due to its widespread use for grass control in soybeans and 
cotton (Gossypium hirsutum). Talbert (1965) found trifluralin to 
inhibit root growth of soybeans in the greenhouse regardless of depth 
of Incorporation. Reduction in top growth did not occur until 1.68 kg 
ha * were applied. Roots grew below the treated zone when 
incorporation was to a depth of 2.5 cm. Incorporation to a depth
ranging from 7.6 to 10.2 cm reduced root damage due to a dilution 
effect. The threshold concentration for retarding root growth in his 
studies was found to be 0.77 mg kg Histological studies showed a 
cessation of cell division in the meristematic root tissue. He 
postulated that trifluralin acted as a mitotic poison. Oliver and 
Frans (1968) in field studies noted an increase in injury to soybean 
roots when trifluralin was increased from 0.56 to 4.48 kg ha *. 
Injury was most severe when the herbicide was incorporated to a depth 
immediately below the seed or deeper. Placement above the seed 
resulted in minimal injury. Injury was probably caused through direct 
contact with the developing tap root. If the level of herbicide was 
not great enough to cause death, then the adverse effects were partly 
overcome by compensatory production of more lateral roots In the 
untreated soil area. Persistence of trifluralin was affected by 
incorporation depth. Over 25% remained after six months when 
trifluralin was incorporated to a 10.2 cm depth at the rate of 4.48 kg 
ha *. Minimal persistence was found when incorporation was to a depth 
of 2.5 cm.
Kust and Struckmeyer (1971) studied the effects of trifluralin on 
soybean growth under greenhouse conditions. Treated plants had longer 
palisade cells, more spongy parenchyma cells, and misshapened xylem 
vessels in the leaf midrib. Severity of the anatomical changes 
increased as the rate of herbicide increased from 0.4 to 1.1 kg ha *. 
Root tissue remained healthy below the placement zone. All rates 
applied 10 cm deep caused proliferation of cortical cells and 
occlusion of xylem vessels in the tap and lateral roots. Starch 
accumulations increased with increasing rate in the parenchyma cells
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of the nodules. Nodule inhibition was more severe in younger plants. 
Nodulatlon, however, may have been delayed rather than Inhibited.
Field trials were carried out by Paromenskaya et al. (1979) on a 
soil containing no natural populations of Bradyrhlzoblum. Inoculated 
soybean seeds were planted into small plots containing trifluralin 
incorporated at a rate equivalent to 2.5 kg ha *. After four weeks, 
plant growth was inhibited and dehydrogenase activity, nodule weight, 
and N-content of the foliage was reduced. Inhibition was brief and 
there was no decrease in seed yield. Bioassays showed that 80% of the 
trifluralin was inactivated after four weeks. Maftoun et al. (1982) 
also found plant top dry yield and nodulatlon to be reduced by 2 mg 
kg * trifluralin, with an increase in N concentration of the plant 
tissue at this rate.
Monolinuron (fJ' -( 4-chlorophenyl) -N-me thoxy-Nf-me thylurea ) was 
found to stimulate early growth of soybeans and increase yield by 4.8% 
when applied at 1 kg ha * (Musina, 1983). Trifluralin and metribuzin 
(4-amino-6-(1,l-dimethylethyl)-3-(methylthio)-l,2,4-triazin-5(4H)-one) 
applied at 2.6 and 1.4 kg ha *, respectively, inhibited early growth 
and decreased yield with increasing concentration. However, Rennie 
and Dubetz (1984) found no effect on nodulatlon and ^  fixation from 
trifluralin, chloramben (3-amino-2,5-dichlorobenzoic acid), linuron 
(IJ'-O,4-dichlorophenyl)-N~methoxy-N-methylurea), metribuzin, or 
diclofop ((+)-2-[4-(2,4-dichlorophenoxy) phenoxy] propanoic acid) in 
soils containing no indigenous B^ japonicum.
Time of herbicide incorporation appears to influence effects on 
nodulatlon and ^  fixation of soybeans. Baltazar (1976) incor­
porated trifluralin at rates of 1 and 2 kg ha * and when plants were
sown directly after herbicide placement, stunted growth, low numbers 
of nodules and negligible ^  fixation were observed. Adverse effects, 
however, were not noted when trifluralin was applied at 0.5 kg ha~*.
Planting 5 to 10 days after herbicide placement allowed favorable
growth at the higher rates. Glyphosate (N-(phosphonomethyl)glycine) 
did not affect plant growth regardless of time of application. 
However, U-44078 (unidentified) behaved similarly to trifluralin. 
Planting on the day of incorporation resulted in stunting and 
abnormal growth, with little nodule formation or fixation. In a
similar study (Baltazar and Brotonegro, 1979), trifluralin reduced ^
fixation at recommended rates when applied either five days prior to,
or at planting. In this experiment, glyphosate decreased nodulatlon 
when applied four weeks after planting. Soil application of U-44078 
two weeks after planting inhibited nodule initiation. A foliar 
application four weeks after sowing inhibited nodule development, 
while applying the herbicide to the soil inhibited nodule development 
and fixation.
Evidence indicates that seasonal carryover of herbicide in crop 
rotation systems also affects soybean growth. Injury to soybeans was 
noted on a clay which had been treated with picloram 
(4-amino-3,5,6-trichloro-2-pyridinecarboxylic acid) for two years
prior to planting (Bovey et al., 1975). The number of plants and dry 
matter production decreased. Soybeans were killed when planted into 
soil which had been treated with picloram six months earlier.
Barrentine and Warren (1971) conducted petri dish and sand culture 
assays to determine the concentrations of trifluralin and nitralin 
(4-(methylsulfonyl)-2,6-dinitro-BI,N-dipropylbenzenamine) required to
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reduce the length or weight of roots and shoots by 50% (Igg) f°r a 
number of plant species, including soybeans. In the petri dish assay, 
seeds were germinated on silica sand in the dark at 24 —  1C for 72 to 
96 hours, depending on the species. The primary root and shoot 
lengths were then measured. In the sand culture assay, cups filled 
with silica sand were mixed with herbicide concentrations prepared in 
1/2 strength Hoagland and Arnon nutrient solution. The cups were 
placed in a greenhouse with 24 —  5C day and 18 —  3C night temperatures 
with a 16-h photoperiod for 14 days. Both herbicides appeared to be 
more toxic to primary roots and shoots of monocotyledonous species 
than dicotyledonous species. The I^q value was not reached for 
nitralin on shoot length. Herbicide concentrations ranged from 0.02 
to 16.00 mg kg *. Root toxicities for the herbicides were found to be 
equal. Trifluralin, however, was more toxic to shoots than nitralin. 
The I^q for soybeans in the petri dish assay was 1.40 and 16.00 mg L * 
for roots and shoots, respectively. The I^q value in the sand culture 
was 3.50 and 5.80 mg kg * for roots and shoots, respectively. Harvey 
(1973) conducted similar studies with a sand culture assay to 
determine phytotoxiclties of dinitroaniline herbicides. Trifluralin 
significantly reduced dry weight of 28-day-old soybean plants. Injury 
occurred at a concentration of 10 M, which was equivalent to 3.8 kg 
ha Reduction of plant dry weight was the result of reduced plant
growth. In vitro studies with soybeans grown in an agar medium 
containing 10  ̂ M concentrations of trifluralin showed significant 
decreases in plant fresh weight, shoot length, and root length.
Field trials conducted by Chebotar' (1979) over a four-year 
period showed several dinitroaniline herbicides to be injurious to
soybeans. Trifluralin, prometryn (N.N'-bisCl-methylethyD-b-Cmethyl- 
thio)-l,3,5-triazine-2,4-diamine), nitrofor (unidentified), and pro- 
pachlor (2-chloro-N-(l-methylethyl)-N-phenylacetamide) were applied 
pre-plant incorporated at the rates of 0.8, 2.0, and 30 kg ha*"1. 
Plant stand was thinned and plant dry matter was reduced when measured 
at the five to six leaf stage. Propachlor effects were noted up to 
the flowering stage. The herbicides inhibited penetration of 
Bradyrhizobium into the roots, reduced nodulatlon by 22-58% and 
disrupted nodule enzyme activity and symbiosis. Inhibition was brief 
and by seed formation, ^  fixation had recovered. However, Massariol 
and Lam-Sanchez (1974) applied trifluralin at the rate of 4 kg ha 1 
and found no effect on nodulatlon. Giardini et al. (1978, 1979) 
conducted field trials over a two-year period with trifluralin, 
vernolate (j3-propyl dipropylcarbamothioate), and alachlor (2-chloro- 
jT-(2,6-diethylphenyl)-N-(methoxymethyl)acetamide) applied at 0.72, 
2.55 and 1.68 kg ha 1, and found no effect on nodulatlon in either 
year. Behran et al. (1979) found trifluralin to increase N-content 
and root dry weight of soybeans when applied at 1 mg kg 1. 
Concentrations of 3 mg kg 1 caused phytotoxic effects. In a pot 
experiment, prometryn and trifluralin applied at 0.75 kg ha 1 
increased soybean yield (Chebotar et al., 1976). Nodule number 
decreased, but was offset by higher nodule weight. They concluded 
that the herbicides did impede nodulation but were not toxic to nodule 
bacteria. Toro and Zambrano (1976) also applied prometryn at 0.75 kg 
ha 1 and reduced nodulation of soybeans by 13%. However, they noted a 
decrease in nodule weight.
Greenhouse and field studies were conducted on 5 different soils
by Dunigan et al. (1972). In the two-year field study, the Fe content
of the nodules was found to be significantly higher In plants treated
with chloroxuron (II1-[4-(4-chlorophenoxy) phenyl]-N,N-dimethylurea)
during the first year only. Nodulation was not affected by the
herbicides either year. Greenhouse studies showed that the effects of
chloramben, linuron, nitralin, and prometryn appeared to be dependent
on soil texture. In a similar study with other herbicides, Bollich et
al. (1985) also found the most injurious herbicide effects occurred on
a Mhoon loam and on a Norwood silt loam. When applied at the
recommended rate nodule dry weight was decreased by linuron, nitralin,
and chloramben on the Mhoon loam, and linuron, nitralin, prometryn,
and vernolate decreased nodule dry weight on the Norwood silt loam.
Other greenhouse studies indicated that chloramben did not affect
nodulation in a green house study until the application rate was
-1increased to 8.96 kg ha (Olumbe and Veatch, 1969). Nodule weight 
and number were affected, but generally only at excessive rates. In 
some instances, injury was a plant effect thereby making it difficult 
to assess herbicidal effects on nodulation. The researchers concluded 
that the herbicides did not appear to be detrimental to the nodulatlon 
process when used at recommended rates.
Parker and Dowler (1976) found soybean nodulation to be 
suppressed by trifluralin but not vernolate. Emergence was delayed by 
trifluralin and vernolate at 1.12 and 4.48 kg ha *. Seedling injury 
resulted from both herbicides. Trifluralin decreased seed yield, at 
the rate of 1.12 kg ha and vernolate decreased yields at 2.24 and 
4.48 kg ha *. Other researchers (Todorovic et al., 1981; Covolo and 
Pulver, 1976) also found trifluralin to retard root development and
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decrease nodulatlon. However, Alaa-Eldin et al. (1981) found 
trifluralin to stimulate nodulation of soybeans when applied at
excessive rates.
Deuber and Signori (1980) conducted a greenhouse pot study to 
determine the effects of trifluralin and vernolate incorporated at 
0.86 and 3.6 kg ha *, and alachlor, pendimethalin (N-(1-ethyl-
propyl)-3,4-dimethy1-2,6-dinitrobenzenamine), and metribuzin applied 
to the soil surface at 2.4, 1.5, and 0.63 kg ha *, respectively, on a 
clay and a silt. Vernolate delayed germination, while trifluralin and 
pendimethalin inhibited lateral root formation. Metribuzin reduced 
root weight in the clay and pendimethalin in the silt. Trifluralin, 
vernolate, and metribuzin decreased the weight of plant top growth in
both soils. Alachlor did not affect the plant top in the silt. 
Nodule number was reduced in both soils by all herbicides except 
alachlor. Nodule dry weight was decreased by pendimethalin in the 
silt by trifluralin and metribuzin in the clay, and by vernolate in 
both soils. Deuber et al. (1981) also found nodule number and weight 
to be decreased by trifluralin, pendimethalin, and vernolate. In 
studies with soybeans treated with pendimethalin, AC-92390
(N-sec-butyl-2,6-dinitro-3,4 xylidine), oryzalin (4-(dipropylamino)- 
3 ,5-dinitrobenzenesulfonamlde), and trifluralin, Struckmeyer et al.
(1976) found pendimethalin to cause the most injury to stem tissue. 
Cellular abnormalities included thin-walled cells, elongated xylem 
elements, and hypertrophy and hyperplasia. In a field study, Wilson 
et al. (1977) observed yearly variation in soybean injury from 
pendimethalin at 2.24 kg ha *. They concluded that excessive rates 
can cause injury that may be reflected as yield reductions.
A two-year study was conducted in the field by Bollich et al. 
(1984) to investigate the effects of several herbicides on nodulation 
and Ng fixation of soybeans. Herbicides included recommended rates of 
incorporated, preemergence, and overtop chemicals. Samples were taken 
weekly for nodule number and dry weight, root dry weight, and 
nitrogenase activity. During the first year, there were generally no 
differences until the R5 to R6 growth stages when nodule number was 
increased by trifluralin and mefluidide (N-[2,4-dimethyl-5-[ 
[(trifluoromethyl)sulfonyl]amino]phenyl] acetamide), and nodule dry 
weight was increased by linuron and mefluidide. In the second year, 
nodule number, dry weight, and nitrogenase activity were reduced by 
alachlor, trifluralin, metribuzin, linuron, acifluorfen 
(5-[2-chloro-4-(trifluoromethyl)phenoxy]-2-nitrobenzoic acid), fluaz- 
ifop ((+)-2-[4-[[5-(trifluoromethyl)-2-pyrid inyl]oxy]phenoxy] propan­
oic acid), and vernolate up to 56 days after planting. From 70 to 105 
days after planting, occasional increases in nodule number, nodule dry 
weight and nitrogenase activity were noted. Other field studies, 
however, have shown nodulatlon to be unaffected by linuron (Fisyunov 
et al., 1975; Karyagin et al., 1980). Yield was increased by alachlor 
and metribuzin. They concluded that using herbicides at recommended 
rates did not affect seed yield, although there may be some adverse 
effects on nodulation and nitrogen fixation during the vegetative 
phase of soybean growth. Alachlor applied to soybeans at 72, 144, 240, 
and 384 mg kg * inhibited nodulation at low concentrations, while less 
inhibition was noted at higher concentrations (Liu and Huang, 1982).
A preemergence application of metolachlor (2-chloro-N-(2-ethyl-6- 
methylphenyl)-N-(2-methoxy-1-methylethyl)acetamide) at 2.6 kg ha * to
soybeans stimulated nodulation during the entire growth period 
(Ulasevich et al., 1977). An application of 4.1 kg ha 1 inhibitied 
nodulation during early vegetative growth, but stimulated nodulation 
later. The pattern of early nodule inhibition, followed by 
stimulation later during the growth period was also observed with 
other herbicides in a field study conducted by Bollich et al. (1984).
Herbicide Effects on Rhizobium and other legumes
Some of the earliest research conducted to determine the effects 
of herbicides on Rhizobium species and legume nodulation began after 
the advent of the phenoxy herbicides, in particular
2 ,4-dichlorophenoxyacetic acid (2,4-D) salts. Lewis and Hamner (1946) 
studied the effect of 2,4-D on leguminosarum. Concentrations up to 
1000 mg L * of 2,4-D with the Vincent and Vincent filter disc method 
(1944) did not affect growth of the bacteria. However, Kao and Wang
(1977) found 2,4-D to be inhibitory to a number of rhizobia species, 
including II. leguminosarum, when culture media was amended to contain 
700 to 1000 mg L * of the herbicide. The lag phase of growth was the 
most sensitive to the herbicide. Rhizobium leguminosarum was 
sensitive to 2,4,5-trichlorophenoxyacetic acid (2,4,5-T) also (Foldesy 
et al., 1972). Complete inhibition of growth occurred at 1000 mg L *. 
Growth was suppressed at a concentration of 200 rag L  ̂when Incubated 
for 72 hours. Rhizobium trifolii was insensitive to 2,4-D at 
concentrations up to 25 mg L * with after a four-day incubation
(Fletcher et al., 1956). After 14 days, R. trifolii exhibited normal
growth up to 200 mg L *, with moderate to poor growth at higher
concentrations. In pot studies, 2,4,5-T was phytotoxic to white
clover (Trlfollum repens L. sylvestre) at rates of 12 and 20 mg kg”*, 
while 2,4-D and 2,4-DB (4-(2,4-dichlorophenoxy)butanoic acid) had no 
effect at these concentrations (Fletcher et al., 1957).
In pure culture studies, Carlyle and Thorpe (1947) found 
differential responses of Rhizobium species to 2,4-D salts. The 
growth of FU trifolii and leguminosarum were inhibited at
concentrations of 0.03 and 0.04%, respectively, by the NH^+ and Na+ 
salts of 2,4-D. Rhizobium mellloti was less sensitive, with growth 
being inhibited at 0.3%. In a pot experiment, 2,4-D salts were 
applied in the soil solution at a rate of 0.5 mg kg *. This 
concentration seriously restricted germination, limited growth, and 
inhibited nodulation of beans (Phaseolus vulgaris L.), peas, red 
clover (Trifolium pratense L.), and alfalfa (Medicago sativa L.). 
They concluded that the legumes used in the study were more sensitive 
to 2,4-D salts than the corresponding rhizobial species. Nickell and 
English (1953) also found a differential response of Rhizobium species 
to maleic hydrazide (1,2-dihydro-3,6-pyridazinedione). Rhizobium 
lupini was inhibited at a concentration of 280 mg L *. Cowpea rhizobia 
were insensitive to the herbicide, showing no inhibition up to 2300 mg
Wrobel (1952) found R^ trifolii and R^ lupini to be stimulated by
2.4-D at a concentration of 0.001%, and thought that concentrations of
2.4-D used for agricultural purposes had no detrimental effect on R. 
trifolii or R^ lupini. However, Payne and Fults (1947) found 
nodulation of common bean (JP. vulgaris L.) to be depressed by 2,4-D 
applied as low as 0.01 kg ha *. This was only 0.3 to 5.8% of the 
normal application of 1.46 to 3.36 kg ha *. Nodulation of field beans
(cowpea) was increased by 40% over the control when 2,4-D was applied 
at 0.5 mg kg * of soil in a pot experiment (Miller et al., 1962). 
Nodulation could be completely inhibited by applying 2,4-D at 100 mg 
L however, the inhibition of nodulation was thought to be an
indirect influence brought on from severe root damage. Kao and Wang 
(1981c) found no interference with the symbiosis between legume 
seedlings and rhizobia from 2,4-D applied at 500 mg kg *. Although 
nodules did form, development was inhibited before the flowering stage 
of the legumes, followed by a gradual recovery.
In a field study with 2,4-DB and dalapon (2,2-dichloropropanoic 
acid) alone and in combination, the ^-fixing capacity of the root 
nodules, mean number of nodules per plant, and mean dry weight per
nodule of birdsfoot trefoil (Lotus corniculatus L.) was decreased by
2,4-DB (Garcia and Jordon, 1967). Dalapon had little effect on the 
number of nodules, but did decrease dry weight per nodule and final 
plant weight. The herbicide 2,4-DB caused an early but reversible 
decrease in dry weight of the plant. Further studies (Garcia and 
Jordan 1969) showed that 2,4-DB exerted its inhibitory effects by 
direct action on the host plant rather than on the root nodule 
bacteria. The herbicide, however, was found to alter the metabolism 
of the rhizobia in artificial media.
The herbicide simazine (6-chloro-N,fJ'-diethyl-1,3,5-triazine-2,4- 
diamine) appears to be inhibitory to a number of legumes (Thomas and
Hammond, 1968; Misra and Guar, 1974; Richardson, 1979; Kumar et al.,
1981). An application rate as low as 0.1 mg kg * decreased yields and 
nodulatlon of clover (Trifolium sp.), lucerne (Medicago satlva L.),
and seradella (Ornithopus sativus Brot.) when grown in pots
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(Hauke-Pacewiczowa, 1969). Amino acids were decreased in the protein, 
and the level of free amino acids was altered. In another study by 
Hauke-Pacewiczowa (1970), simazine was also found to be inhibitory to 
pea. Plant development following germination was completely inhibited 
at a concentration of 0.5 mg kg When simazine was applied at 0.1, 
0.05, or 0.01 mg kg *, weight of fresh plant material, nodulation, and 
Nj fixation decreased. The quantitative composition of plant proteins 
and free amino acids in the nodules was altered. In a field study, 
simazine decreased nodule formation on the roots of pea plants by 60% 
(Hauke, Pacewiczowa, 1971). Kruglov et al. (1975) treated yellow 
lupine (Luplnus luteus L.) with 0.2 mg kg * of simazine and completely 
suppressed fixation, while decreasing the weight and number of root 
nodules. Simazine also appeared to cause carryover problems in crop
rotation systems. Avrov (1966), in a field experiment found that
where simazine was applied to corn (Zea mays L.) annually at the rate
of 3 kg ha * for three years, plant growth and nodulation of peas
grown in the fourth year decreased. Similar effects were noticed by 
Hauke-Pacewiczowa (1969).
Rhizobium lupini, R. meliloti, R. trifolii, R. phaseoli, and R. 
leguminosarum were inhibited by prometryn, linuron, and alachlor in 
culture media (Kao and Wang, 1977). A number of IC^q values were 
determined for each herbicide. This value represented the herbicide 
concentration necessary for 50% inhibition. The values ranged from 
100 to 800 mg L * for alachlor, 400 to 1200 mg L * for linuron, and 
500 to 1200 mg L * for prometryn. Inhibitory effects were greatest 
during the lag phase of growth, followed by the log phase, while the 
stationary phase was found to be least sensitive. Alachlor, linuron,
and prometryn retarded seedling growth, and delayed flowering and 
maturity of groundnut (Arachis hypogaea L.) in field trials conducted 
by Kao and Wang (1981a). Alachlor inhibited lateral root growth, 
while linuron and prometryn damaged the tap root. Nodules grew only 
on the undamaged roots. A pot study with alachlor and prometryn also 
demonstrated that nodule inhibition of legumes occurred before 
flowering, followed by a gradual recovery during the reproductive 
phase of plant growth (Kao and Wang, 1981c).
In a pure culture study, alachlor, linuron, and prometryn 
severely inhibited growth of rhizobia in the log phase (Kao and Wang, 
1981b). The fast-growing Rhizobium species appeared to be more 
sensitive in general. japonlcum and R. leguminosarum decomposed
linuron at a concentration of 50 mg L *. Maximum degradation rate was 
12% over a 48-hour period. However, Chebotar' (1983) found linuron to 
inhibit growth of leguminosarum. Unlike Kao and Wang (1981b),
Lakshmi-Kumari et al. (1974) found the fast-growing Rhizobium to be 
more tolerant to herbicides. In similar studies, Kaszubiak (1966) and 
Makawi et al. (1970) found that tolerance of Rhizobium to herbicides 
was dependent on species.
Kumar et al. (1981) applied prometryn and simazine to chickpea 
(Cicer arietinum L.) and found that germination was delayed. Leaflets 
of young seedlings showed pale-green areas extending from mid vein 
toward the margins. Associated with these symptoms was a reduction in 
chlorophyll content. Leaf and shoot dry weight was reduced and stem 
length was decreased. Simazine (3.2 kg ha *) killed 50% of the plants 
by 56 days. Nodules of plants treated with simazine did not form
leghemoglobin. Pahwa and Prakash (1980) obtained similar results with
the application of prometryn on pea seedlings. Root weight was 
decreased after 28 days. Nodule number and dry weight decreased at 
five to six weeks after sowing. However, ^ “fixing efficiency 
increased in plants treated with prometryn. This agreed with the 
results of Paromenskaya (1979a). Prometryn applied at 1.0, 2.5, and 
5.0 mg kg * increased nitrogenase activity of lupine (Lupinus sp.) 
nodules. The researchers concluded that the reduced nodulation was 
probably the result of reduced root growth, and that the rhizobial
population was probably not the factor limiting nodule production.
Pantera (1974) conducted laboratory and pot studies to determine 
the susceptibility of lupini to afalon (linuron). Susceptibility 
to various concentrations appeared to be strain specific. At high 
rates, IU lupini underwent morphological and cytological changes. 
Afalon exerted a negative influence on lupin nodulation. Nodules were 
small, colorless, and distributed over the entire root system when 
afalon was applied at high rates. Atrazine (6-chloro-N-ethyl-N'-(1- 
methylethyl)-l,3,5-triazine-2,4-diamine) and trietazine(6-chloro-N,N, 
N'-triethyl-1,3,5-triazine-2,4-diamine) applied at concentrations 
inhibitory to lupin growth appeared to inhibit nodulation and ^
fixation by lupini (Kruglov and Paromenskaya, 1972).
Dinatramine (N^,N^-diethyl-2,4-dinltro-6-(trlfluoromethyl)-l,3- 
benzenenediamine) and methazole (2-(3,4-dichlorophenyl)-4-methyl-l,
2,4-oxadiazolidine-3,5-dione) applied to broad beans (Vicia faba L.) 
planted in pots at the rate of 0.5, 1.0 and 2.0 liters/feddan
significantly reduced seed yield only when applied at planting (Tewkif 
et al., 1975). Herbicides applied 28 days prior to planting caused no 
yield reduction. Rhizobium leguminosarum was strain dependent in its
susceptibility to the herbicides under in vitro conditions.
Rhizobia-legume systems cultured in tubes of agar media did not 
respond favorably to either herbicide when the media was amended to 
contain 1, 10 and 100 mg L Nodulation did not occur at any level. 
The cotyledons became necrotic and discolored, roots became thickened 
and abnormally branched, and shoots were stunted. Sud et al. (1973)
found R_. leguminosarum to be less susceptible to TCA (trichloroacetic 
acid) and dalapon, than pea in culture and pot studies. Daramola and 
Adebayo (1981) incorporated metolachlor, fluorodifen (2-nitro-l-(4- 
nitrophenoxy)-4-trifluoromethylbenzene), and dacthal (dimethyl tetra- 
chloroterephthalate) in plate agar cultures of two cowpea Rhizobium 
strains. Metolachlor exhibited bactericidal effects towards both 
Rhizobium strains. In a soil system, the highest rates of preforan 
and dacthal decreased nodulation of cowpea. Metolachlor killed the 
plants within 14 days after planting.
Greaves et al. (1978) measured the effects of alloxydim-sodium on
peas grown in pots. Four experiments were conducted, with the
herbicide being applied at the 3-leaf stage in three experiments, and
at the 6-leaf stage in a fourth experiment. Rates of application
-1Included 2 and 4 kg ha . In experiments one and two, shoot growth 
and root dry weight was significantly reduced. Nodule dry weight was 
reduced in the first three trials. Injury was greatest at 4 kg ha *. 
Nodule number was reduced only In the first trial at the high rate. 
Nitrogenase activity was decreased at the high rate in two 
experiments. Different results were obtained when the herbicide was 
applied at the 6-leaf stage. Nodule number and ^ ^ 2  reduction 
increased in the treated plants. In another study conducted with peas
(Szabo, 1964), 2-methyl-mercapto-4,6-bis-isopropylamino-s-triazine 
(unidentified) and a Na+ salt of dinitroalkylphenylacetate (aretite) 
both inhibited the number of pea rhizobia in the soil. Kumar et al. 
(1983) applied fluorodifen to the surface of pots two days after 
sowing chickpea and found germination to be delayed, but no inhibition 
of seedling growth. Toxicity symptoms appeared after 22 days. These 
included reduced shoot- and root-dry-weight, nodule formation, and 
plant growth. However, nodule initiation, leghemoglobin content, and 
^-fixing efficiency were not affected. Singh and Singh (1976) found 
that high concentrations of alachlor and nitrofen on groundnuts 
stimulated the stem cambial zone resulting in an increase in cambial 
cell size and number of groundnuts. Plant malformations occurred at 
very high rates.
Numerous studies have shown trifluralin to be inhibitory to the 
1egume-Rhizobium symbiosis (Trabulsi et al., 1981; Behran et al., 
1979). De Rosa et al. (1978) treated white clover seedlings with 
trifluralin and caused root tips to increase in diameter and decrease 
in length. Cell elongation was inhibited, and cell wall deposition 
was abnormal. Deformed root hairs caused a reduction in the number of 
infection threads induced by the bacterial symbionts. They 
hypothesized that trifluralin interferes with microtubule-based 
morphogenic processes in developing seedlings, which affects the 
establishment of the symbiosis. Inhibition of infection thread 
formation is probably related to the primary effect on cell wall 
morphogenesis. Afifi and Dowidar (1978) found trifluralin to inhibit 
root and shoot growth of the garden pea (P^ sativum L.). Rhizobium 
leguminosarum was inhibited in vitro at trifluralin concentrations
ranging from 4 to 32 rag L *. The N-content of the pea tissue was 
reduced and could have been attributed to the inhibition of nodule 
formation. Changes in the free- and protein-amino acids was also 
observed. Similar results were found when simazine was applied to a 
number of legumes (Hauke-Pacewiczowa, 1969).
Paromenskaya (1980) found trifluralin to affect the symbiotic 
interaction of Rhizobium with leguminous plants which caused an 
inhibition in ^  fixation. This effect was associated with 
physiological changes in the plants and the Rhizobium. The 
nitrogenase complex was affected directly. Paromenskaya (1979b) also 
found trifluralin to inhibit nitrogenase activity of Isolated nodules 
at a concentration of 0.1 mg L
In pot experiments, trifluralin applied at 1.25 to 1.75 L ha * 
affected the formation of lateral roots of peanut (Arachis hypogaea 
L.) during the first 27 days (Savy-Filho and Deuber, 1974). This 
effect was less pronounced in the field. Lateral roots grew normally 
in the soil below the zone of herbicide incorporation. Brock (1972) 
measured a reduction in nodules on legume seedlings grown in pots when 
trifluralin was applied at an equivalent rate of 1.0 and 2.0 kg ha *. 
Under field conditions, the herbicide did not affect the rhizobia 
population or its ability to infect roots and form nodules except at 
the 2.0 kg ha * rate. Reduced nodulation with increasing herbicide 
rates was a direct result of stunted root and plant growth. 
Trifluralin has also been shown to cause root damage in crops other 
than legumes (Lignowski and Scott, 1971). Swann and Behrens (1972) 
found trifluralin to be toxic to both root and shoot of foxtail millet 
(Setaria ltalica L. Beauv. 'Empire') and proso millet (Panicum
miliaceum L. 'White'), and they attributed the damage to vapor 
toxicity of the herbicide.
There are differing results reported in the literature concerning 
the effects of trifluralin on nodulation. Mishra and Gaur (1975) 
applied trifluralin at the normal rate and measured a decrease in 
nodulation of gram (chickpea). A concentration of 1 mg kg-* 
trifluralin reduced the nodulation of inoculated pinto beans (P. 
vulgaris L.) (Altman, 1981). Hamdy and Tewfik (1969) noted inhibition 
of nodulation and growth of cowpea when trifluralin was applied on the 
day of planting. However, nodulation and growth were stimulated when 
the herbicide was applied 27 days before planting. Lopes et al.
(1971) found nodulation of P^ vulgaris L. to be unaffected by 
trifluralin. In a study conducted by Sistachs et al. (1977),
nodulation of Glycine wightii L. was unaffected by trifluralin, but
severely inhibited by prometryn.
Struckmeyer et al. (1976) conducted anatomical studies to 
determine the effects of pendimethalin, AC-92390, oryzalin, and 
trifluralin on the cell structure of snap bean (P. vulgaris L.). The 
herbicides were applied at 0.8, 1.7, and 3.4 kg ha *. Damage to stem 
tissue included thin-walled cells, elongated xylem elements, 
hypertrophy and hyperplasia of cells and anomalous rings of vascular 
tissue in the cortical region. Pendimethalin caused the greatest 
damage. Mung bean (Phaseolus aureus L.) treated with fluchloralin
(N-(2-chloroethyl)-2,6-dinitro-N-propyl-4-(trifluoromethyl) benzana- 
mlne), dichlorprop ((+)-2-(2,4-dichlorophenoxy)propanoic acid), 
pendimethalin, and oxyfluorfen (2-chloro-l-(3-ethoxy-4-nitrophenoxy)- 
4-(trifluoromethyl) benzene) also exhibited the greatest amount of
injury from the pendimethalin (Prakash and Pahwa, 1982a). Shoot 
length was reduced, and nodulation and chlorophyll content varied with 
herbicide and rate. However, another study with pea plants gave 
conflicting results (Prakash and Pahwa, 1982b), with methibenzuron 
ON-^-benzothiazolyl-BJjll'-dimethylurea), pendimethalin, dichlorprop, 
fluchoralin, and oxyfluorfen increasing shoot dry weight and the 
number of nodules per plant, depending on the rate applied. Deuber 
and Forster (1978) did not find nodule number or weight of bean plants
to be affected by EPTC (S-ethyl dipropyl carbamothioate) when applied
-Iat 16 kg ha in field trials.
Rhizobium sp. were able to tolerate dalapon and paraquat 
(1,1*-dimethyl-4,4'-bipyridinium ion) at concentrations up to 100 mg 
L * in a pure culture study conducted by Namdeo and Dube (1973). 
However, the rhizobia were unable to degrade either herbicide, both of 
which appeared to act as mutagenic agents. Rhizobial growth was 
inhibited by MCPA ((4-chloro-2-methylphenoxy)acetic acid)and 2,4-D, 
with only a slight influence by amitrole (lH-l,2,4-triazol-3-amine), 
chlorpropham (1-methylethyl 3-chlorophenylcarbamate), Na-methyl-di- 
chlorophenoxyacetate (unidentified), and propham (1-methylethyl 
phenylcarbamate) (Skrdleta et al., 1964). These results were 
supported by a study conducted by Vintikova et al. (1965), who 
concluded that the sensitivity of nodule bacteria strains seemed to be 
a property of the strain and independent of the plant species.
Herbicide Effects on soil microorganisms and associated processes
Vlassak et al. (1976) studied the effects of dinoseb 
(2-(l-methylpropyl)-4,6-dinitrophenol) on Ng fixation occurring in the
soil. A 10-fold rate of DNBP decreased the bacterial population by 
99%, streptomycetes by 67%, and completely inhibited fungal growth. 
Increasing concentrations of DNBP (dlnoseb) inhibited nitrogenase 
activity and fixation. Concentrations as low as 1 mg kg *
decreased nitrogenase activity. Nitrogen fixation was decreased by 
60% and 90% when DNBP was applied at 3 and 6 mg kg *, respectively. 
DNBP completely inhibited ^  fixation at 9 mg L Hegazi et al. 
(1979) also found dinoseb to be inhibitory to nitrogenase activity in 
soils under maize cultivation, although the inhibitory effect was not 
as great as that measured when pendimethalin, TCA-sodium, and simazine 
were applied.
Hamdy and Tewfik (1969) studied the effects of trifluralin on Nj 
fixation by Azotobacter sp. and on nitrification. Azotobacter was 
unaffected, while nitrifiers were found to be sensitive. Hegazi et 
al. (1979), however, found inhibitory effects of pendimethalin on 
nitrogenase activity and on asymbiotic nitrogen fixers, followed by 
recovery to normal levels with time. These inhibitory effects were 
also measured when Isolates of ^-fixing Azospirillum sp. and 
Azotobacter sp. grown in pure cultures were treated with the test 
herbicide. Foldesy et al. (1972) found Azotobacter to be much less 
sensitive to extremely high concentrations of 2,4,5-T than rhizobia.
Applications of trifluralin, f luchloralin, napropamide (_N,_N- 
diethyl-2-(l-napthalenyloxy)propanamide), metribuzin, DCPA (dimethyl 
tetrachloroterephthalate), difenoxuron (N-[4-(4-methoxyphenoxy)- 
phenyl-N* ,JH'-dimethylurea), linuron, metoxuron 3-chloro-4-meth-
oxyphenyl-N,N-dimethylurea), chlorbromuron (N/ -(4-bromo-3-chloro-
phenyl)JN-methoxy-KHnethylurea), and pendimethalin at recommended rates
for vegetable crops reduced populations of bacteria and fungi for 
three and seven days, respectively (Kondratenko et al., 1981). 
Populations of actinomycetes were more sensitive than bacteria but 
more resistant than fungi. None of these herbicides affected 
asymbiotic ^  fixation. Nepomiluev et al. (1966) found 
non-sporulating bacteria to be resistant to simazine applications, 
while spore-forming actinomycetes were sensitive.
Rankov et al. (1966) applied a number of herbicides, including 
simazine and prometryn at field rates (undefined) to soil. They found 
no change in numbers of Azotobacter chroococcum or Clostridium 
pasteurianum. However, dinazol-50 (unidentified) applied at 15 kg 
ha * did decrease numbers of Azotobacter. In vitro studies showed 
dinazol-50 to be highly toxic to Azotobacter, while prometryn was 
slightly toxic at concentrations greater than 1%. Dimide 
(unidentified) and afalon were not toxic.
Tu (1978) tested several pesticides, including 2,4-D for their 
effects on Nj fixation and survival of many soil microorganisms. Some 
pesticides had significant effects on microbial populations and 
activities, however recovery was usually rapid. He concluded that 
soil microorganisms can tolerate most pesticides in general. This 
study showed 2,4-D to be stimulatory to non-symbiotic ^-fixing 
organisms when applied at low concentrations.
Autotrophlc bacteria are considered to be among the more 
sensitive of the soil microorganisms (Goring et al., 1967). However, 
Nltrobacter sp. was not inhibited at concentrations up to 1000 mg kg * 
of picloram, and nitrification was not inhibited unless the herbicide 
concentration was in excess of 100 mg L Picloram did not appear to
affect COj evolution from soils, urea hydrolysis, or populations of 
bacteria and fungi at concentrations up to 1000 mg kg”*. Only 
Thiobacillus thiooxldans exhibited retarded growth when herbicide 
concentrations were increased beyond 100 mg L~*. On a meadow soil 
cropped to peas, microbial growth and nitrification were inhibited by 
the application of prometryn at a solution concentration of 0.5%. 
Growth of Azotobacter was promoted in a prometryn solution of 0.3%. 
Denitrification was not affected (Szabo, 1964).
Todorovic et al. (1981) studied herbicide effects on microflora 
in a soil cropped to soybeans. Alachlor, Frohelan (unidentified), 
vernolate, trifluralin, and afalon inhibited soil ammonifiers, fungi, 
and actinomycetes. Deshmukh and Shrikhande (1974) had found 
actinomycetes to be stimulated by 2,4-D, NaTa (TCA), simazine, and 
cyanazine (2-[[4-chloro-6-(ethylamino)-l,3,5-triazin-2-yl]amino]-2-
methylpropanenitrile) applied at five times the normal rate under 
laboratory conditions. Bacteria were not affected at the normal rate, 
but were inhibited at the higher rates. Fungi were depressed during 
the first two weeks, but then recovered.
Herbicide applications influence groups of soil microflora 
differently. Breazeale and Camper (1969) found trifluralin to 
stimulate numbers of actinomycetes by 89% over untreated soil. 
Bacteria decreased 50% and 46% by trifluralin and 2,4-D, respectively. 
Trifluralin decreased fungi by 81%. DCPA, trifluralin, and 
dinitramine increased sulfur oxidation in laboratory studies (Lewis et 
al., 1978). Some herbicides increased the activity of the
sulfur-oxidizing microorganisms, however, those herbicides that had no 
influence also did not inhibit sulfur oxidation.
Van Schreven et al. (1970) studied the effects of several 
herbicides on bacterial populations, activity, and persistence in 
soil. CO2  evolution was significantly depressed during the first week 
when the soil was treated with normal (undefined) rates of ioxynil 
(4-hydroxy-3,5-diiodobenzonitrile), dalapon, mecoprop((+)-2-(4-chlor- 
o-2-methylphenoxy)propanoic acid), dichlorprop, and amitrole. During 
the second week, CO 2  evolution was depressed only by a 100-fold 
(undefined) treatment with dichlorprop. During the fifth or seventh 
week of incubation, CO2  evolution was stimulated at the normal rate 
and the 10-fold (undefined) rate by ioxynil, dalapon, mecoprop, 
dichlorprop, MCPA plus dichlorprop, and picloram. Teater et al. 
(1958) found CO2  evolution unaffected by normal rates of or-chloro-N, 
N-diethylacetamide (unidentified), CDEC (2-chloro-2-propenyl 
diethylcarbamodithioate), isopropyl-N-(3-chlorophenyl) carbamate, and
2,4-D amine salt. Excessive rates inhibited nitrification, however CO2  
evolution from the soil increased. This indicated a herbicidal 
selectivity among the organisms. There may have been a bacteriostatic 
action on some organisms, allowing more tolerant organisms to multiply 
at an increased rate.
Ibrahim (1972) studied the effects of herbicides on the growth of 
^-fixing cyanobacteria and rice plants (Oryza sativa). EPTC and 
trifluralin inhibited growth of ^-fixing cultures of the 
cyanobacteria Tolypothrlx tenius and Calothrix brevissima when applied 
at 0.01 mg L *. Eptarn (EPTC) was found to be much more toxic than 
trifluralin at 0.1 mg L
MATERIALS AND METHODS
Laboratory, greenhouse, and field investigations were conducted 
to determine whether the soybean-Bradyrhizobium japonicum symbiosis 
was affected by a selected group of herbicides commonly used in 
Louisiana soybean production. The investigations were conducted in 
two phases. Screening studies were conducted during the first phase 
to identify those herbicides which might affect the soybean-B. 
japonicum symbiosis. A more detailed, second phase concentrated on 
the effects of pendimethalin and trifluralin upon this symbiosis. 
Each phase included studies conducted in the laboratory, greenhouse, 
and field.
Laboratory investigations.
Experiment one. A filter paper disc modification of the 
Oxford-cup penicillin determination by Vincent and Vincent (1944) was 
employed to determine whether B^ japonicum, USDA strain 3I1B110 
(strain 110), was Influenced by direct contact with herbicide
solutions. Sterile, polystyrene petri dishes 100mm by 15mm containing 
20 ml of yeast-extract mannitol (YEM) agar were streaked with B. 
japonicum. Yeast-extract mannitol agar was prepared by dissolving
mannitol, 10.0 g; K2HP0^, 0.5 g; MgS04.7H20, 0.2 g; NaCl, 0.1 g; yeast 
extract (Difco), 0.5 g; CaCO^, 0.001 g; and agar (Bacto-Difco), 15.0 g 
in 1 L of water. The pH was adjusted to 7.0 prior to autoclaving for 
15 min at 121C. Filter paper discs 5mm in diameter were saturated in 
herbicide solutions containing 10, 25, 50, 1000, and 2000 mg L *
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active ingredient (ai) or acid equivalent (ae). Three discs were
applied per plate, with two replications per concentration. The
plates were incubated at 28C for five to seven days, at which time the
plates were observed for zones of inhibition of rhizobial growth
around the discs. Herbicides, classification, and formulations are
shown in Table 1.
The experiment was repeated with the exclusion of the herbicides
bentazon, fluazifop, glyphosate, linuron, and paraquat. Filter paper
discs were soaked in herbicide solutions containing the equivalent of
one-half, one, and five times the recommended field application rate.
YEM agar plates, seeded with B. japonicum, strain 110, were replicated
in time at least twice for each herbicide concentration. Disc
arrangement and incubation were as previously described. The
preliminary nature of the data and the obvious interpretation of the
results excluded the necessity for statistical analysis.
Experiment two. Bradyrhizobium japonicum, strain 110, was
treated with herbicides to determine how growth was affected in broth 
®culture. Bellco side-arm flasks containing 75 ml of YEM broth were
inoculated with 1 ml of B^ japonicum, strain 110, and amended with
acifluorfen, fluchloralin, metolachlor, pendimethalin, trifluralin,
and vernolate herbicide solutions to contain a final concentration of
10 mg L One flask per herbicide plus a control was used. The
flasks were randomly placed on an environmental shaker, rotated at 150
rpm, and incubated at 28C. Turbidity measurements were recorded over
®a 14-day period at 24-hr intervals using a Klett-Sommerson 
colorimeter containing a red filter of wavelength 640 nm. The data 
was subjected to a multi-source regression analysis, using the General
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Table 1. Classification and formulation of herbicides used In the 
__________ filter paper disc assay._________________________________
Herbicide Classification Formulation^ Rate
Equivalent
Acifluorfen Benzoic 2 S ai
kg ha * 
0.56
Alachlor Amide 4 EC ai 2.24
§Bentazon Miscellaneous 4 S 1.12
§Fluazlfop Diphenoxy-carboxylic^ 4 EC ai 0.23
Fluchloralin Dinitroanillne 4 EC ai 1.12
§Glyphosate Aliphatic 4 S 1.12
Linuron^ Urea 50 WP 2.24
Mefluidide Amide 2 S ae 0.30
Metolachlor Amide 8 E ai 2.24
Metribuzln Triazine 75 DF ai 0.56
§Paraquat Bipyridilium 2 S 0.56
Pendimethalin Dinitroanillne 0,.75 ai 1.12
Sethoxydim Miscellaneous 1..5 S ai 0.37
Trifluralin Dinitroanillne 4 EC ai 1.12
2 ,4-DB Phenoxy 2 S ai 0.22
Vernolate Carbamate 6 E ai 2.24
Numeral Indicates concentration of commercial formulation In pounds 
per gallon (liquid) or % (solid); S ■ water soluble, EC * water 
emul8ifiable, WP ■ wettable powder, DF « water dispersable 
granule, ai ■ active ingredient, ae ■ acid equivalent.
§ These herbicides were used only in part two of Experiment one.
 ̂Although fluazlfop has been placed in the diphenoxy-carboxylic 
class, this herbicide would be more properly called a 
pyridyloxyphenoxy carboxyl!c acid.
Linear Models (GLM) procedure of the Statistical Analysis System 
(SAS85) Statistical Procedures. Polynomial response curves for the 
predicated values were generated using the SAS/GRAPH procedure of 
SAS82. Regression equations were formulated using the predicted 
values.
Experiment three. Bradyrhlzobium japonicum, strain 110, was 
cultured in YEM agar amended with pendimethalin and trifluralin to 
determine herbicide influence on bacterial colony establishment. The 
study was replicated in time. Commercially formulated pendimethalin 
and trifluralin were used during the first trial. Technical grade 
pendimethalin (96.4%) and trifluralin (92.5%) dissolved in methanol 
were used in consequent repetitions. YEM agar was prepared in 100-ml 
quantities, and amended with trifluralin and pendimethalin herbicides 
to contain final concentrations ranging from 0 to 100 mg L * in 25 mg 
L * increments. Each 100-ml quantity was inoculated with 1 ml of a
broth culture of japonicum, strain 110, containing approximately
10^ cells ml and divided between four petri dishes. The plates
were incubated in a completely random arrangement at 28C for seven 
days, at which time the number of rhizobial colonies were determined 
by direct observation with the aid of a Quebec colony counter. The 
data was subjected to an analysis of variance, using the GLM procedure 
of SAS85. Polynomial response curves were generated using the
SAS/GRAPH procedure of SAS82.
Experiment four. Bradyrhizobium japonicum, strain 110, were
treated with pendimethalin and trifluralin to determine how growth was 
affected by increasing herbicide concentration when in broth culture. 
Side-arm flasks containing 100 ml of YEM broth were inoculated with
1 ml of B. japonicum, strain 110, containing approximately 10^ cells 
ml *, and were amended with technical grade pendimethalin and 
trifluralin to contain final concentrations ranging from 0 to 100 mg 
L  ̂ in 25 mg L * increments. Duplicate flasks were prepared for each 
herbicide treatment. The flasks were incubated for 14 days as 
previously described. Turbity measurements were recorded at 48 h 
intervals. The study was arranged as a completely randomized design 
with a split-plot arrangement of treatments, and repeated in time. 
The data was subjected to an analysis of variance, using the GLM 
procedure of SAS85. Polynomial response curves were generated using 
the SAS/GRAPH procedure of SAS82.
Experiment flve. A study was conducted to determine whether
metabolism of pendimethalin by japonicum, strain 110, was enhanced
in the presence of an available carbohydrate energy source. Evolution
of CO2 , determined by a modified method of Pramer and Bartha (1965)
was used as an indicator of herbicide metabolism by japonicum.
®Bellco biometer flasks, consisting of 250 ml Erlenmeyer flasks fused 
to 50 ml tubes were used. The flasks were closed with a rubber
stopper which was fitted with an ascarite filter provided with a 
stopper and stopcock. The side tube was sealed with a rubber stopper 
fitted with a Luer-Lok 15-guage needle 50 cm long. The needle was 
sealed with a rubber plug.
Approximately 100 g of sand were placed into each flask and
sterilized. The sand was wetted with 10 ml of R1 medium (Tully, 1985), 
using trace elements modified from CS7 medium for Rhizoblum (Gibson et 
al., 1976; Pagan et al., 1975). The media, which had been previously 
inoculated with a 1 ml suspension of B. japonicum containing
approximately 10^ cells ml *, contained KC1, 0.9 mM; M0PS0 buffer 
(3-[N-Morpholino]-2-hydroxypropanesulfonic acid), 12 mM; NH^CL, 10 mM; 
CaCl2, 0.7 mM; KH2P04 , 2.2 mM; MgSO^, 0.14 mM; MnSO^, 58 jiM; H3B03 , 82 
juM; ZnSO^, 3.5 juM; KI, 6 jjM; CuSO^, 0.8 ;uM; Na^oO^, 0.4 juM; CoSO^,
0.4 juM; and NaFeEDTA, 54 jiM; adjusted to pH 6.9 with NaOH. The MOPSO, 
CaCl2 , and NH^Cl were sterilized as one aqueous solution while the 
metal concentrates were autoclaved separately as previously described. 
The sugars were sterilized by filtration through a 0.2 u membrane 
filter. Two control flasks contained L-arabinose (100 mg L *) and two 
flasks contained D-glucose (100 mg L *). Six flasks contained 
herbicide solutions (100 mg L *). L-arabinose was added to three 
flasks, and D-glucose was added to the remaining three. The flasks 
were sealed and incubated in the dark at 28C. Gas samples were 
withdrawn at 48-h intervals for 14 days and placed into 7 ml Venoject 
evacuated blood collection tubes. The experiment was arranged as a 
completely randomized design with a split-plot arrangement of 
treatments. The study was repeated a second time.
Analysis of gas samples was performed with a Varian Model 3700
gas chromatograph equipped with a dual thermal conductivity detector
(TCD). Two Porapak N , 80-100 mesh, 18m x 3.2mm stainless steel
columns were maintained at 60C. Temperatures of the Injectors and
detectors were 60 and 120C, respectively, with a filament temperature
of 150C, TCD current of 194 mA, and a range of 0.05. Helium was used
as a carrier gas, with a regulator pressure of 414 kPa and a flow rate 
-1 ®of 30 cc min . A Varian Model 9176, 1 mV strip-chart recorder, 
connected to the gas chromatograph, recorded sample responses.
The data was subjected to an analysis of variance, using the GLM
procedure of SAS85. Polynomial response curves were generated using 
the SAS/GRAPH procedure of SAS82.
Greenhouse Investigations.
Experiment one. A screening study was conducted to determine 
whether some herbicides used in Louisiana soybean production affect 
the soybean-B. japonicum symbiosis under greenhouse conditions. The 
soil was an Olivier silt loam, an aquic fragiudalf, fine silty, mixed 
thermic. The soil contained an indigenous population of japonicum 
of 3.8 X 10^ g *, as determined by the Most Probable Number method as 
modified by Weaver and Frederick (1972). Results of the soil test 
analyses, performed by the Louisiana State University Soil Testing 
Laboratory, are listed in Table 2.
Table 2. Chemical properties of Olivier silt loam soils used in 
greenhouse investigation of soybean herbicides.
Experiment P K Ca Mg pH OM
One Al 74




Two a 61 87 1354 158 5.8 0.81
b 237 85 957 135 5.7 0.85
Forrest cultivar soybeans (Maturity Group V) were germinated in 
the dark at 25C. Two days after imbibition, seeds were planted at 1 
cm depth in a 1 L pot containing 1 kg of air-dried soil. The seeds 
(3 per pot) were inoculated with 1 ml suspensions of B^ japonicum, 
strain 110, containing approximately 10^ cells ml
The experiment was arranged as a randomized complete block with
12 treatments replicated four times. Herbicide solutions were applied 
with a table sprayer operating at 180 kPa with a belt speed of 0.53 m 
sec *, delivering the solutions through an 80015E nozzle tip placed 40 
cm above the pot surface. Incorporated herbicides were mixed into the 
upper 5 cm of soil by agitation in polyethylene bags after spray 
application. Preemergence herbicides were applied to the soil surface 
of each pot after planting. Postemergence herbicides were applied 30 
days after planting. Herbicides, formulations, and method and rates 
of application are shown in Table 3.
After emergence, seedlings were thinned to one per pot. Six 
weeks after planting, at the V7 stage of development, Ng fixation 
rates were estimated by the C2 H2  reduction technique (Hardy et al. 
1968). Plant tops were removed at the soil line. Roots were gently 
removed from the soil and placed into 240 ml Mason jars fitted with 
rubber septums for gas evacuation. The jars were sealed, a 25 ml 
volume of air was withdrawn, and replaced with a 25 ml volume of 
which had previously been generated from CaC2 # to give a 10% C2 H2  - 
air mixture. The samples were Incubated for exactly 1 h, at which
time 5 ml samples of the gas mixture were withdrawn and placed into
®evacuated Venoject blood collection tubes for later analysis by gas 
chromatography. The roots were then washed free of adhering soil and 
the number of nodules per plant was determined. Nodules, roots, and 
plant tops were dried in an oven at 60C for 72 h. Dry weight of 
nodules, roots, and plant tops was determined.
Gas samples were analyzed with a Perkin Elmer Model 3920 gas 
chromatograph, equipped with a dual flame ionization detector (FID). 
Two Porapak N 80-100 mesh 1.8m x 3.2mm stainless steel columns were
Table 3. Herbicides, formulations, and method and rate of 
application for greenhouse study, Experiment One.
Herbicide Formulation^ Rate 1Method of Application
Acifluorfen 2 S ai
kg ha * 
0,60 postemergence
Alachlor 4 EC ai 2.40 preemergence
Alachlor 4 EC ai 4.80 preemergence
Bentazon 4 S al 0.90 postemergence
Fluazlfop 4 EC al 0.30 postemergence
Linuron 50 WP ai 1.80 preemergence
Mefluidide 2 S ai 0.30 postemergence
Metribuzin 75 WP ai 0.45 preemergence
Trifluralin 4 EC ai 0.90 preplant incorporated
Trifluralin 4 EC ai 1.80 preplant Incorporated
Vernolate 7 E ai 2.80 preplant incorporated
Numeral indicates concentration of commercial formulation in pounds 
per gallon (liquid) or % (solid); S * water soluble, EC ■ water 
emulsifiable, WP ■ wettable powder, ai = active ingredient, ae = 
acid equivalent.
§ postemergence - applied after emergence (poe), preemergence - 
applied to the soil prior to emergence (pre), preplant incorporated 
- applied and blended into the soil before seeding (ppi)
maintained at 55C. Temperatures of the injectors and interface (FID) 
were 50 and 150C, respectively, with an amplifier range of 100 and an 
attenuation of 2. Regulator pressures for H2 , air and Nj were 172, 
345 and 552 kPa, respectively, with a flow rate of 30cc min * for the
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carrier gas. A Perkin Elmer Model 56, 1 mV potentiometric
recorder, connected to the gas chromatograph, recorded sample 
responses.
The data was subjected to an analysis of variance, using the GLM 
procedure of SAS82. Fisher-protected least significant difference 
(LSD) at P-0.05 was used to determine mean differences.
Experiment two. A greenhouse investigation was conducted to 
determine the response of the soybean-B. j aponicum symbiosis to
increasing rate of pendimethalin and trifluralin. The Olivier silt
2 -1loam soil contained 2.0 x 10 rhizobia g . Results of the soil test 
analysis are listed in Table 2.
The experiment was arranged as a randomized complete block with a 
factorial arrangement of 11 treatments replicated four times. 
Herbicide solutions were incorporated into the upper 3 cm of soil, 
(approximately 700 g), at rates equivalent to 0.25, 0.50, 0.75, 1.0,
and 1.25 kg ha * as previously described.
Centennial cultivar soybeans were germinated as previously 
described, and planted into 3 L pots containing 2 kg soil at 19% 
moisture. The seeds were inoculated with a commercial, peat base 
inoculant, and planted at the rate of 4 seeds per pot. After 
emergence, seedlings were thinned to two plants per pot.
Eight weeks after planting at the V8 growth stage (Fehr et al. 
1971), N2  fixation rate, nodule number, nodule dry weight, root dry 
weight, and plant dry weight were determined as previously described.
The experiment was conducted a second time under similar conditions,
4 -1with the soil containing 1.1 x 10 japonicum g . Soil chemical
properties are listed in Table 2.
The data was subjected to an analysis of variance, using the GLM 
procedure of SAS85. A combined analysis was performed on those 
variables which did not have significantly different error mean 
squares between Experiments one and two. Selected comparisons were 
made to determine the effects of pendimethalin and trifluralin 
herbicides on the soybean-B. japonicum symbiosis, to determine whether 
the herbicides behaved similarly, and to determine the response of the 
soybean-B. japonicum symbiosis to increasing rate of herbicide. 
Polynomial response curves were generated to interpret the significant 
rate responses, using the SAS/GRAPH procedure of SAS82.
Field Investigations.
Experiment one. A study was conducted during 1982 and 1983 to 
determine how the soybean-B. japonicum symbiosis was influenced by 
some herbicides commonly used in Louisiana soybean production under 
field conditions. This study has been published in Louisiana 
Agricultural Experiment Station Bulletin No. 762, and is contained in 
the appendix.
Experiment two. A two year field study was conducted to 
determine how the soybean-B. japonicum symbiosis responded to 
increasing rate of pendimethalin and trifluralin. The study was 
conducted at the Burden Research Plantation in Baton Rouge, Louisiana 
in 1984 and 1985. The same site was used each year. The soil was an
Olivier silt loam containing indigenous populations of B^ japonicum of
4 35.2 x 10 per g of soil in 1984 and 6.8 x 10 per g of soil in 1985.
Soil test analyses, performed by the LSU Soil Testing Laboratory, are
shown in Table 4.
The test site was fertilized with an equivalent of 336 kg ha * of 
0-20-20 fertilizer. Centennial cultivar soybean seed
(Maturity Group VI) inoculated with a commercial granular inoculant in 
1984 and a commercial peat inoculant in 1985 were planted into a flat 
seedbed with a 76 cm row spacing at the rate of 10 seeds per 30 cm of 
row. Plots consisted of eight rows, 6 m in length, separated by a 1.5 
m wide unplanted alley.
Table 4. Chemical properties of Olivier silt loam soils used in the 
field study conducted at the Burden Research Plantation, 
Baton Rouge, La., 1984-1985.
Year P K Ca Mg pH OM
________mcr k -1_______ (%)
0.631984 40 45 1198 176 6.8
1985 38 80 1771 253 6.3 0.50
The experiment was arranged as a randomized complete block with a 
partial factorial arrangement of seven treatments replicated five 
times. Herbicides, formulations, and rates of application are 
summarized in Table 5. The test site was disked twice and leveled
with a bed conditioner to prepare the seedbed for herbicide 
application. Herbicide solutions were applied with a C02~pressurized 
backpack sprayer operated with a boom pressure of 220 kPa and 
delivering a volume of approximately 215 L ha * of diluent through 
flat fan nozzles (8004 Tee Jet). A bed conditioner was used to 
incorporate the herbicides depth of 5 to 7 cm prior to planting. All
additional weed control was performed by mechanical cultivation or 
hand removal.
The establishment of an adequate seedling stand was hindered by 
inclement weather in 1984. Intense precipitation following planting 
caused soil compaction, delaying seedling emergence and increasing 
seedling injury, causing a reduction in stand. Sample variablility 
would have been high due to the nonuniform establishment of the stand. 
Twenty-one days after planting, four rows of each eight row plot were 
replanted.
Table 5. Herbicides, formulations, and rates of application used in a 
field study conducted on an Olivier silt loam at the Burden 
Research Plantation in Baton Rouge, La., 1984-85.
Herbicide Formulation Rate
-1kg ha
Pendimethalin 4 EC ai 1.12
1.68
2.24
Trifluralin 4 EC ai 1.12
1.68
2.24
Test plots were sampled weekly throughout most of the growing 
period. At each sampling, two root samples per plot were collected to 
determine ^  fixation by ^2^2 re<*uction, an(* growth stages of the 
plants were recorded (Fehr et al., 1971). Nodule number, nodule dry 
weight, and root dry weight were determined. In 1984, the original 
planting was sampled until the soybean seedlings from the second 
planting were 17 days old. Samples were then collected from the 
second planting only for the remainder of the season. The two
innermost rows of each plot were harvested with a small plot 
harvester. Seed yield is expressed at 13% moisture.
The data was subjected to an analysis of variance, using the GLM 
procedure of SAS82. Selected comparisons were made to determine the 
effects of pendimethalin and trifluralin herbicides on the soybean-B. 
japonicum symbiosis, to determine whether the herbicides behaved 
similarly, and to determine the response of the soybean-B. japonicum 
symbiosis to increasing rate of herbicide. Polynomial response curves 
were generated to Interpret significant rate responses and rate by 
herbicide interactions, using the SAS/GRAPH procedure of SAS82.
RESULTS AND DISCUSSION
Some of the data generated as a result of this research project 
have already been published. "Effects of Herbicides on Nodulatlon, 
Nitrogen Fixation, and Seed Yields of Soybeans In Louisiana" 
(Louisiana Agricultural Experiment Station Bulletin No. 762), "Effects 
of Seven Herbicides on Nj ^ 2 ^ )  Fixation by Soybeans" (Weed Science 
33:427-430), and "The Relationship Between Nodulatlon, Nj (02^) 
Fixation, and Soybean Growth Stage" (The Proceedings of the Louisiana 
Academy of Sciences, 47:15-18), are contained in the appendix.
Laboratory Investigations
Experiment one. Growth of B^ japonicum, strain 110 appeared to 
be affected only at extremely high concentrations of herbicides. 
Results of the influence of 16 herbicides on growth of B^ japonicum on 
YEM agar are shown in Table 6. Growth of strain 110 was not affected 
by any herbicide at any concentration. This disagrees with other 
reports. Kaszubiak (1966) found B^ japonicum to be inhibited by 
phenoxy herbicides at concentrations of 100 mg L The herbicides 
2,4-D and 2,4,5-T inhibited japonicum at concentrations of 0.0015% 
(v/v) (Makawi and Abdel-Ghaffar, 1970). Concentrations for 50%
inhibition of rhizobial growth (including B^ japonicum) by alachlor 
and linuron ranged from 100 to 800 and 400 to 1200 mg L *,
respectively (Kao and Wang, 1977). However, herbicide solutions were
incorporated into the media in the studies, instead of applying filter 
discs soaked in herbicide solutions. These two methods could cause
45
Table 6. The Influence of 16 herbicides on japonicum, strain 110,
grown on YEM agar.
Herbicide
10 25
Rate mg L * 
50 1000 2000
Acifluorfen NIf NI NI NI NI
Alachlor NI NI NI NI NI
Bentazon NI NI NI NI NI
Fluazlfop NI NI NI NI NI
Fluchloralin NI NI NI NI NI
Glyphosate NI NI NI NI NI
Linuron NI NI NI NI NI
Mefluidide NI NI NI NI NI
Metolachlor NI NI NI NI NI
Metribuzin NI NI NI NI NI
Paraquat NI NI NI NI NI
Pendimethalin NI NI NI NI NI
Sethoxydim NI NI NI NI NI
Trifluralin NI NI NI NI NI
2,4-DB NI NI NI NI NI
Vernolate NI NI NI NI NI
 ̂ NI ■ no inhibition
conflicting results due to the nature of application of the herbicide 
solutions. Herbicide solutions may be more stable when incorporated 
into the media. Volatility of some herbicides, such as the 
dinitroaniline compounds, and differential diffusion of herbicide 
solutions into the agar may influence interpretation of how growth of 
B. japonicum is affected when using the filter disc method.
In a similar study, all herbicides previously tested plus 
bentazon, fluazlfop, glyphosate, linuron, and paraquat were tested at 
concentrations ranging from one-half to five times the recommended 
field application rate. Results are shown in Table 7. Mefluidide, 
metribuzin, sethoxydim, and 2,4-DB exerted no influence on growth of 
strain 110 at any concentration. Acifluorfen, fluchoralin, 
metolachlor, and vernolate inhibited rhizobial growth surrounding the 
discs at all concentrations. Alachlor had no effect on rhizobial 
growth at one-half the recommended field rate. Trifluralin inhibited 
growth at the one and five times rate, with no inhibition at the 
one-half rate during two of the three trials. Pendimethalin inhibited 
growth at all concentrations during two of the three trials. However, 
growth was not affected at the one-half and one times rate during the 
first trial.
The results of this study Indicated that, even when rhizobial 
cells come into direct contact with high concentrations of herbicides, 
generally there are no detrimental effects when tested under 
laboratory conditions (Table 6). Inhibition of growth of B^ japonicum 
was found for some herbicides when applied at the one-half rate and 
the recommended field rate and tested under laboratory conditions 
(Table 7). However, these results cannot be equated to herbicide use
Table 7. The influence of 11 herbicides on B. japonicum, strain 110,
grown on YEM agar.
Herbicide T> M ̂ A _______Kate
1 2 3
-lField rate mg L
Acifluorfen l/2x 1575 IT I
lx 3150 I I
5x 6300 I I
Alachlor l/2x 14 550 NI§ NI NI
lx 29 100 I I I
5x 145 500 I I I
Fluchloralin 1/2x 8600 I I I
lx 17 200 I I I
5x 86 000 I I I
Mefluldide l/2x 2925 NI NI
lx 5850 NI NI
5x 29 250 NI NI
Metolachlor l/2x 23 350 I I
lx 46 700 I I
5x 233 500 I I
Metribuzin 1/2x 925 NI NI
lx 1850 NI NI
5x 9250 NI NI
Pend imethalin 1/2x 8600 NI I I
lx 17 200 NI I I
5x 86 000 I I I
Sethoxydim 1/2x 3100 NI NI
lx 6200 NI NI
5x 31 000 NI NI
Trifluralin l/2x 8600 NI NI I
lx 17 200 I I I
5x 86 000 I I I
2 ,4-DB l/2x 2600 NI NI
lx 5200 NI NI
5x 26 000 NI NI
Vernolate l/2x 9375 I I
lx 18 750 I I
5x 93 750 I I
. I ■ inhibition 
NI ■ no inhibition
under field conditions, where there is not nearly as much direct 
contact, and where the possibility exists for photo-degradation, 
volatilization, soil influences due to pH and organic matter content, 
and microbial degradation. The high concentrations at which some of 
the herbicides were tested would not be encountered under normal 
circumstances. However, zones of high herbicide concentration can 
occur with surface-applied herbicides, with incorporated herbicides 
improperly mixed into the soil, and with double rates used in salvage 
operations, spray overlap, or spills.
Experiment two. The influence of herbicides on the growth of IJ. 
japonicum, strain 110, can be described by the equation Y = bQ + bjX,
where Y is the number of Klett units, bQ is the intercept, b^ is the
slope, and X is days. Of the herbicides tested, only metolachlor 
behaved different from the control. The slopes and intercepts of the 
predicted lines for the control and all other herbicides were found to 
be similar. One equation was formulated to represent the behavior of 
metolachlor. The second equation represented the behavior of the 
control and all other herbicides. The equations are listed below: 
Metolachlor - Klett Number =* 44.93(+9.52) + 10.32(+1.24) Days
Control - Klett Number = -6.18(+3.89) + 14.19(+0.51) Days
Growth of B. japonicum was faster during the first four days for 
the metolachlor treated culture than all others (Figure 1.). This 
caused the predicted equation to generate a higher intercept for 
metolachlor, which caused the slopes of the lines to be significantly 
different. Growth proceeded at a slower rate for the 
metolachlor-treated culture after four days. There was no difference 
in the amount of overall growth after 13 days.
The results of this study indicated that the growth of B. 
japonicum, strain 110, was not affected when in the presence of
_ iherbicides at low concentrations (10 mg L ). Metolachlor did 
increase growth at a faster rate than the other herbicides or the 
control during the first four days. Growth then proceeded at a slower 
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Figure 1. The Influence of metolachlor (10 mg L *) on the growth of 
B. japonicum, strain 110, in YEM broth.
Experiment three. Pendimethalin and trifluralin herbicides were 
found to influence the establishment of EL japonicum, strain 110, when 
grown in YEM agar. During the first trial, a significant rate by 
herbicide interaction was found (Figure 2). Trifluralin decreased the 
number of rhizobial colonies linearly as rate of herbicide increased. 
Pendimethalin did not affect colony establishment. There was no 
difference observed between the herbicides or between the herbicides 
and the control.
Different responses were observed during the second trial (Figure 
3). The effects exerted by pendimethalin and trifluralin were found 
to be significantly different. A significant rate by herbicide 
interaction was found. Colony establishment followed a downward 
quadratic response for pendimethalin, and a cubic response for 
trifluralin. Linear and quadratic effects were also significant for 
trifluralin; however, the cubic effect accounted for most of the 
variability.
Herbicide effects and rate of herbicide were also found to be 
significantly different during the third trial (Figure 4). Colony 
number increased linearly as rate of herbicide increased for both 
pendimethalin and trifluralin. Herbicides were found to be 
significantly different, with pendimethalin increasing the number of 
rhizobial colonies more than trifluralin. There was no difference 
between the herbicides and the control in their effects on rhizobial 
colonies.
The different results among replications make an assessment of 
this study difficult. For instance, trifluralin exerted a negative 
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Figure 2. The influence of increasing level of pendimethalin and 
trifluralin herbicides on colony establishment of j aponicum, strain 
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Figure 3. The influence of increasing level of pendimethalin and 
trifluralin herbicides on colony establishment of B. japonicum, strain 
110, grown on YEM agar, Trial Two.
positive effect was noted in the third trial. Pendimethalin did not 
affect colony establishment during the first trial. However, 
pendimethalin exerted a negative and a positive effect on colony 
establishment in trials two and three, respectively. This Indicates 
the difficulty in trying to assess the effects of herbicides on B. 
japonicum with the methods currently being used, and may also explain 
why there are so many discrepancies in the literature regarding 
herbicidal effects on rhizobia.
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Figure 4. The influence of increasing level of pendimethalin and 
trifluralin herbicides on colony establishment of B_. japonicum, strain 
110, grown on YEM agar, Trial Three.
Experiment four. Trifluralin level did not influence growth of 
B. japonicum, strain 110, in broth culture in either replication of 
the experiment. The influence of herbicide level was not found to be 
significant in either trial. Level of herbicide and a day by level 
interaction were found to be significant; however, the effect on
growth due to day accounted for most of the variability. A linear 
response was found for day during the first replication (Figure 5). 
Growth increased over days. Quadratic and cubic effects were also 
significant. However, the linear effect explained most of the
variability. Day was also significant during the second trial (Figure 
6). Growth increased quadratically over days.
Similar results were found for pendimethalin. Level of herbicide 
did not significantly influence the growth of JB. japonicum, strain 
110, during either trial. Rhizobial growth did increase linearly over 
day in both trials. The quadratic response for day was also
significant in trial one (Figure 7.). However this component did not 
explain a significant portion of the model, and was ignored.
Quadratic and cubic effects were found to be significant for day in 
trial two (Figure 8.); however the linear component again explained 
most of the variability.
Since each herbicide was tested separately and replicated in 
time, differences and similarities among the studies can be discussed. 
However, valid comparisons between the herbicides cannot be made. 
Level of trifluralin had no influence on the growth of B. japonicum in 
either trial. The response of growth over days was found to be linear 
in one trial and quadratic in the second. Level of pendimethalin also 
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Figure 5. The influence of trifluralin averaged over all levels on 
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Figure 6. The influence of trifluralin averaged over all levels on 
growth of japonicum, strain 110, in YEM broth, Trial Two.
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Figure 7. The Influence of pendimethalin averaged over all levels on 
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Figure 8. The influence of pendimethalin averaged over all levels on 
growth of B. japonicum, strain 110, in YEM broth, Trial Two.
followed a linear response. Growth of B_. japonicum, strain 110, was 
not influenced by either herbicide at any level, which indicated that 
there was neither inhibition of growth nor was there metabolism of the 
herbicides.
Experiment five. Respiration of B_. japonicum, strain 110, was 
affected by pendimethalin herbicide (100 mg L and carbohydrate 
source. Bradyrhizobium japonicum respiration was found to be 
significantly different between the treatments containing glucose and 
arabinose. A quadratic response was found for CO 2  evolution over days 
for each sugar (Figure 9). Arabinose appeared to be a more available 
energy substrate than glucose as evidenced by a higher production of 
CO2  over a 14 day incubation period. Tully (1985) had reported that 
arabinose was a more available carbon source for supporting _B. 
japonicum growth than glucose. Evolution of CO^ by JB. japonicum 
responded linearly when pendimethalin and glucose were included in the 
inoculated media. Respiration proceeded at a slower rate, and had not 
reached a maximum after 14 days.
Similar results were obtained in the second trial. Respiration 
again responded quadratically with either sugar when pendimethalin was 
not included in the inoculated media (Figure 10). Bradyrhizobium 
japonicum respiration was again found to be significantly different 
for the treatments containing glucose and arabinose. Arabinose 
appeared to be a more available energy substrate, causing B. japonicum 
to liberate a larger quantity of (X^. Pendimethalin decreased 
respiration in the presence of either sugar and respiration proceeded 
linearly at a slower rate. After the 14 day incubation period maximum 
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Figure 9. The influence of pendimethalin on respiration of B. 
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Figure 10. The influence of pendimethalin on respiration of B. 
japonicum. strain 110, when utilizing arabinose and glucose as carbon 
sources, Trial Two.
higher when arabinose, rather than glucose, was included as the carbon 
source with the pendimethalin.
These results indicated that arabinose was a more available 
energy source for B. japonicum, strain 110, than glucose.
Pendimethalin decreased respiration and influenced the _B. japonicum 
respiration response. Repiration proceeded at a faster rate when 
pendimethalin was not included in the inoculated media. Evolution of 
CO2  was higher in the treatment containing pendimethalin when
arabinose was utilized as an energy substrate. There was no 
indication that B. japonicum, strain 110, was able to metabolize 
pendimethalin, even when an available carbon source, arabinose, was 
included in the inoculated media.
Greenhouse investigations
Experiment one. The effects of nine herbicides on nodulation and 
N2  fixation of six-week old Forrest cultivar soybeans grown on an 
Olivier silt loam are shown in Table 8. The data represent mean 
values for each variable.
Severe root injury caused by trifluralin (1.80 kg ha *
equivalent) resulted in the death of some seedlings. Trifluralin
caused injury to root tissue at both rates. Talbert (1965) and Oliver 
and Frans (1968) also found trifluralin injured root tissue of 
soybeans. Dry weight of roots and plant tops was significantly 
decreased by trifluralin at 0.90 and 1.80 kg ha *. Talbert found no 
reduction in top growth of soybeans when trifluralin was applied at 
0.75 kg ha Nodule number and dry weight were significantly
decreased by trifluralin, which resulted in little production.
Table 8. The effects of nine herbicides on nodulation and N^ fixation of Forrest cultivar soybeans grown 
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Acifluorfen 0.60 51 140.9 327.0 6.09 0.130 0.439 1.64
Alachlor 2.40 59 174.2 524.0 7.02 0.117 0.398 2.06
Alachlor 4.80 53 139.6 592.8 5.67 0.103 0.388 2.00
Bentazon 0.90 47 174.5 416.7 7.94 0.178 0.447 1.85
Fluazifop 0.30 34 119.1 396.2 3.93 0.116 0.308 1.83
Llnuron 1.80 32 ' 50.2 263.5 2.49 0.075 0.523 1.29
Mefluidide 0.30 51 172.9 430.0 7.11 0.161 0.426 1.97
Metribuzin 0.45 69 89.3 345.6 3.88 0.054 0.410 1.52
Trifluralin 0.90 3 1.4 172.0 0.12 0.030 0.511 0.53
Trifluralin 1.80 0 0.0 83.3 0.00 0.000 0.000 0.27
Vernolate 2.80 55 146.2 510.5 5.91 0.112 0.416 1.80
LSD (0.05) 19 54.8 137.2 3.71 NS NS 0.41
O'
Chebotar (1976) found nodulation to be decreased by trifluralin (0.75 
kg ha *); however, nodule dry weight increased. Metribuzin, although 
causing seedling injury, caused an increase in nodule number. Linuron 
injured emerging seedlings, resulting in death of approximately 50% of 
the plants. Nodule and plant weight were significantly reduced. This 
agrees with another greenhouse study (Bollich et al., 1985) where 
linuron decreased dry weight of nodules on a Mhoon loam and a Norwood 
silt loam. Root dry weight was Increased by alachlor applied at 4.80 
kg ha *.
This study Indicated that the herbicide trifluralin severely 
inhibited nodulation, N^ fixation, and soybean growth. Nodule number, 
nodule dry weight, and production per plant were significantly
decreased by trifluralin; however, these effects may have been 
secondary to the inhibition of root formation and growth of the plant 
top. Linuron also inhibited nodule number, nodule dry weight, and 
plant dry weight, and caused seedling injury. Root dry weight was 
decreased 34%, although not significant. Inhibition of nodulation 
caused by linuron may also have been a reflection of poor plant 
growth.
Experiment two. The response of the soybean-B. japonicum 
symbiosis to increasing rate of pendimethalin and trifluralin 
herbicides is shown in Appendix Table 6. Mean values by experiment 
for nodule number, nodule dry weight, root dry weight, Pr°duction
per plant, and plant dry weight are presented in Appendix Table 7. 
Mean values for the combined analysis are presented in Appendix Table 
8.
The herbicides were found to significantly affect nodulation,
production per plant, and plant dry weight (Figures 11 to 13). 
Nodule dry weight, production per plant, and plant dry weight
decreased linearly with increasing rate of both pendimethalin and 
trifluralin. A significant difference was noted between herbicides 
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Figure 11. The influence of increasing rate of pendimethalin and 
trifluralin herbicides on nodule dry weight of Centennial cultivar 
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Figure 12. The influence of increasing rate of pendimethalin and 
trifluralin herbicides on production per plant of Centennial
cultivar soybeans grown on an Olivier silt loam in a greenhouse.
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Figure 13. The influence of increasing rate of pendimethalin and 
trifluralin herbicides on plant dry weight of Centennial cultivar 
soybeans grown on an Olivier silt loam in a greenhouse.
The effects of pendimethalin and trifluralin combined over both 
experiments are shown in Table 9. The table represents comparisons 
between the control and both herbicides at each rate. Root dry weight 
was not affected in either experiment; however, this variable was not 
included in the combined analysis since the error mean square between 
experiments were significantly different.
Table 9. The effects of pendimethalin and trifluralin herbicides on
nodulation, fixation, and growth of Centennial cultivar
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1.25 * * * * * *
* Significant decrease from the control
Neither herbicide significantly affected nodulation, fixation, 
or plant growth until rate of application reached 0.75 kg ha *. 
Pendimethalin decreased nodule dry weight at 0.75, 1.00, and 1.25 kg 
ha Trifluralin decreased nodule dry weight at 1.00 and 1.25 kg
ha Ethylene production per plant was decreased by both herbicides
at 0.75, 1.00, and 1.25 kg ha Pendimethalin decreased plant dry
weight only at 1.25 kg ha *. Plant dry weight was decreased by 
trifluralin at 1.00 and 1.25 kg ha *.
The effects of the herbicides on nodule number in this study do 
not agree with those reported by Deuber and Signori (1980). In a pot
study, they found that trifluralin and pendimethalin inhibited lateral 
root formation and affected nodule number. Trifluralin and 
pendimethalin decreased nodule number at 0.86 and 1.50 kg ha *, 
respectively. Nodule number was not found to be affected by either 
herbicide in this study.
Results indicated that pendimethalin and trifluralin 
significantly decreased nodule dry weight, Nj fixation, and plant 
growth under greenhouse conditions. As Indicated in Table 9,
pendimethalin and trifluralin appeared to behave similarly in their
effects on all variables measured, except plant dry weight.
Trifluralin and pendimethalin were found to be significantly different 
in their effects on plant growth, which was decreased more by
trifluralin than pendimethalin. However, nodule dry weight and plant 
dry weight were not affected by trifluralin until rate of application 
reached 1.00 kg ha *. The results for trifluralin are comparable to 
those found in the greenhouse screening study, where nodulation, 
production, and plant dry weight were decreased at 0.90 kg ha *.
Field investigation
The response of field-grown soybeans to increasing rate of
pendimethalin and trifluralin herbicides was determined in 1984 and
1985. Mean values per individual sampling period for nodule number, 
nodule dry weight (mg), and production per plant, per nodule, and
per mg of nodule dry weight collected during the two-year study are 
presented in Appendix Tables 11 and 12.
The herbicides reduced plant stands. Severe seedling injury was
noticed, with the effects more pronounced as herbicide rate increased.
Seedling injury was magnified due to the intense precipitation 
immediately after the first planting. The compacted condition of the 
seedbed delayed emergence, which kept the germinating seedlings in 
contact with the herbicides for a longer period of time. Injury 
symptoms included swelling of the hypocotyl, misshapened tap roots, 
clubbing of lateral roots, and rosetting of the emerging cotyledons 
and primary leaves.
Conditions during the second planting were more conducive to good 
germination and rapid seedling emergence, and herbicide injury was 
less severe. The second planting occurred three weeks after herbicide 
application, resulting in possible dilution of the herbicides. 
Although seedlings were injured at this planting, stand reduction was 
minimal, and a uniform seedling stand was established.
The responses of nodulation and ^  fixation to increasing rates 
of pendimethalin and trifluralin herbicides during 1984 and 1985 are 
summarized in Tables 10 and 11, respectively. These tables represent 
comparisons between the control and each herbicide for each rate at 
the individual sampling periods. Host of the significant effects were 
detrimental on the soybean-B. japonicum symbiosis. However, there 
were occasional stimulatory effects.
Rate of herbicides was found to be significant during some 
sampling periods in 1984. An upward quadratic response was
demonstrated by pendimethalin and trifluralin for nodule number on 
July 19 (Figure 14). A significant rate by herbicide interaction was 
found for production per mg of dry nodule weight (Figure 15).
Pendimethalin displayed a linear response, decreasing C2 H^ production 
with increasing rate. However, C2 H 4  production responded
Table 10. The effects of pendimethalin and trifluralin herbicides 
on nodulation and ^  fixation of Centennial cultivar 
soybeans grown on an Olivier silt loam at the Burden 
Research Plantation, Baton Rouge, La. 1984.
---Nodule- Root — uM C?H, production h *--
Sampling Number Weight Weight Plant Nodule Weight
Date P T P T P T P T P T P T
mg g mg
-1
% 1.12 kg haJune 22!
July 8 * * * *
July 8 * * * * # # # #
July 19 * * * * * * * *
July 24 * * * * *
July 29 * * * *tAug. 13 *T
Aug. 21
Sept. 10 * *
Sept. 25
- 1
« • 1.68 kg haJune 221
July 8 *
July 8 * * * * # # # #
July 19 * * * * * * * * *
July 24 * * * * * * * *
July 29 * * * * * * *t t +Aug. 13 *' *T
Aug. 21
Sep. 10 * * *
Sep. 25 * * *
-1
fl| 2.24 kg haJune 22!
July S % * * * *
July 8 * * * * # # # #
July 19 * * * * * * * * *
July 24 * * * * * * * * * *
July 29 * * * * * *t* 1Aug. 13
Aug. 21
Sept. 10 * *
Sept. 25 * * * *
Significant decrease 
| Significant increase
P * pendimethalin T = trifluralin 
J These data represent samples taken from the first planting.
No measurements were taken for these variables at this sampling.
Table 11. The effects of pendimethalin and trifluralin herbicides 
on nodulation and fixation of Centennial cultivar 
soybeans grown on an Olivier silt loam at the Burden 
Research Plantation, Baton Rouge, La. 1985.
Nodule- Root ----C.H, production h *----
Sampling Number Weight Weight Plant Nodule Weight




P T P T P T 
mg
1.12 kg ha ■1











1.68 kg ha 1
June 6 A A A A 1 1 1
June 12 A A
June 19 A A A  A
June 26
*tJuly 2 A A A
July 9 A A A A
July 16 A A A A
July 23 A A
July 29 A A A A
Aug. 6
Aug. 13
2.24 kg ha 1
June 6 A A A A 1 1 1
June 12 A
June 19 A A A A A  A
June 26 '
July 2 A A A A A
July 9 A A A
July 16 A A A




P * pendimethalin T •* trifluralin
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Figure 14. Response of nodule number of Centennial cultivar soybeans 
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Figure 15. Response of production per mg nodule dry weight of
Centennial cultivar soybeans grown on an Olivier silt loam to
increasing rate of pendimethalin and trifluralin herbicides, 1984.
quadratically to trifluralin. Nodule number was decreased linearly by 
both herbicides on July 24 (Figure 16). A significant rate by 
herbicide interaction was again found for €2 ^  production per mg of 
dry nodule weight per h (Figure 17). Pendimethalin displayed a 
downward linear response with increasing rate; however, rate of 
trifluralin was not significant. A significant rate by herbicide 
interaction was found for nodule dry weight during the reproductive 
growth stage on September 10 (Figure 18). Pendimethalin decreased 
nodule dry weight with increasing rate; however, trifluralin showed no 
significant response. At the last sampling period, nodule number and 
dry weight decreased with increasing rate in a linear fashion by both 
herbicides (Figures 19 and 20).
The effects of pendimethalin and trifluralin averaged over three 
rates on nodulation and ^  fixation of Centennial cultivar soybeans in 
1984 are shown in Table 12. Adverse effects were most pronounced 
during vegetative growth. Nodule number, dry weight, and 
production were significantly decreased when the soybean plants were 
in the V2 to V9 growth stage (July 8 to July 29). Ethylene 
production per nodule and per mg of dry nodule weight per h increased 
at the R2 growth stage. Nodule number and dry weight decreased during 
the R5 to R6 growth stage (September 10 to September 25). Effects 
from pendimethalin and trifluralin were found to be significantly 
different on only two occasions. Nodule number was higher for plants 
treated with trifluralin than pendimethalin on July 8 of the second 
planting. Ethylene production per mg of nodule dry weight per h was 
higher for pendimethalin than trifluralin.
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Figure 16. Response of nodule number of Centennial cultivar soybeans 
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Figure 17. Response of C^H^ production per mg nodule dry weight of
Centennial cultivar soybeans grown on an Olivier silt loam to
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Figure 18. Response of nodule dry weight of Centennial cultivar 
soybeans grown on an Olivier silt loam to increasing rate of 
pendimethalin and trifluralin herbicides, 1984.
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Figure 19. Response of nodule number of Centennial cultivar soybeans
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Figure 20. Response of nodule dry weight of Centennial cultivar 
soybeans grown on an Olivier silt loam to increasing rate of 
pendimethalin and trifluralin herbicides, 1984.
Table 12. The effects of pendimethalin and trifluralin herbicides
averaged over three rates on nodulation and N„ fixation of 
Centennial cultivar soybeans grown on an Olivier silt loam 









JuM -l production h —
Nodule Weight
June 22j V4
July 8 V10 * *
July 8 V2 * * it it it . it
July 19 V4 * * * * *
July 24 V6 * * * * *
July 29 V9 * *t *+ tAug. 13 R2 *T *T
Aug. 21 R3
Sept. 10 R5 * *
Sept. 25 R6 *
Significant decrease 
t Significant increase 
_ Fehr et al. (1971)
J No measurements were taken for these variables at this sampling. 
These data represent samples taken from the first planting.
the seedling injury was observed at 1.68 and 2.24 kg ha *. Injury was 
slight at 1.12 kg ha *. Emergence of seedlings was delayed by the 
herbicides, with more pronounced effects at the two higher rates; 
however stand reduction was minimal, and a uniform seedling stand was 
established. In 1984, intense precipitation caused seedling injury to 
be more severe. Injury due to herbicides in 1985 was not influenced 
by environmental conditions.
Effects due to rate of herbicides was found to be significant 
during numerous sampling periods in 1985. Nodule dry weight decreased 
linearly for both herbicides with increasing rate on June 12 (Figure 
21). On June 19, nodule number and dry weight decreased linearly as 
rate of herbicide increased (Figure 22 and 23). At the next sampling 
period (July 2), nodule number again decreased with increasing rate 
linearly for both herbicides (Figure 24). Ethylene production per 
plant per h was decreased linearly with increasing rate by 
trifluralin; however, there was no response to pendimethalin (Figure 
25). Nodule number and dry weight were decreased linearly by both 
herbicides with increasing rate on July 16 (Figures 26 and 27). On 
July 29, nodule number, dry weight, and C^production per plant per 
h, and per mg of dry nodule weight per h were all affected by rate of 
herbicide. Nodule number (Figure 28) followed a decreasing linear 
response with increasing rate of both herbicides. A downward 
quadratic response to rate was measured for nodule dry weight (Figure 
29) and 6 2 ^  production per plant per h (Figure 30). However, 
production per mg of dry nodule weight per h (Figure 31) increased 
linearly with increasing rate for both herbicides. A significant rate 
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Figure 21. Response of nodule dry weight of Centennial cultivar 
soybeans grown on an Olivier silt loam to increasing rate of 
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Figure 22. Response of nodule number of Centennial cultivar soybeans
grown on an Olivier silt loam to increasing rate of pendimethalin and
trifluralin herbicides, 1985.
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Figure 23. Response of nodule dry weight of Centennial cultivar 
soybeans grown on an Olivier silt loam to increasing rate of 
pendimethalin and trifluralin herbicides, 1985.
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Figure 24. Response of nodule number of Centennial cultivar soybeans
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Figure 25. Response of production per plant of Centennial
cultivar soybeans grown on an Olivier silt loam to increasing rate of 
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Figure 26. Response of nodule number of Centennial cultivar soybeans
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Figure 27. Response of nodule dry weight of Centennial cultivar 
soybeans grown on an Olivier silt loam to increasing rate of 
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Figure 28. Response of nodule number of Centennial cultivar soybeans
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Figure 29. Response of nodule dry weight of Centennial cultivar 
soybeans grown on an Olivier silt loam to increasing rate of 
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Figure 30. Response of C ^ p r o d u c t i o n  per plant of Centennial
cultivar soybeans grown on an Olivier silt loam to increasing rate of









0 .0 2 4 - 1
0.020-
0 .0 1 6 -
0 .012-
1 . 12 1 .68 2 .2 4
LEGEND: HERB
RATE Ckg ha“1 )
* * * PENDIMETHALIN 
0 -0  0 TRIFLURALIN
Response of C^H^ production per mg nodule dry weight of 
cultivar soybeans grown on an Olivier silt loam to 
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Figure 32. Response of C^H^ production per mg nodule dry weight of 
Centennial cultivar soybeans grown on an Olivier silt loam to 
increasing rate of pendimethalin and trifluralin herbicides, 1985.
mg of dry nodule weight per h (Figure 32). Ethylene production 
Increased as rate of pendimethalin increased. The response to 
trifluralin was not significant.
The effects of pendimethalin and trifluralin averaged over three 
rates on nodulation and Nj fixation of Centennial cultivar soybeans in 
1985 are shown in Table 13. Unlike 1984, adverse herbicide effects 
occurred during the reproductive as well as the vegetative growth 
stage. Nodule number and dry weight were significantly decreased when 
the soybean plants were sampled in the V4 to R3 growth stage (June 6 
to August 6). Root dry weight was not affected. There was little 
effect on production. Differences between herbicides occurred at
one sampling period only. On July 29, nodule number and dry weight 
were significantly greater for plants treated with pendimethalin than 
trifluralin.
Seed yield data are presented in Table 14. Yield from the May 
30, 1984 planting ranged from 3611 to 4676 kg ha *. Seed yield for
pendimethalin and trifluralin at 2.24 kg ha * was 564 and 660 kg ha * 
higher than the control. However, this difference was not
significant. Yield from the June 21 planting ranged from 2627 to 2863 
kg ha *. Seed yield in 1985 ranged from 2431 to 2799 kg ha *. Yield 
for pendimethalin and trifluralin at 2.24 kg ha * was 273 and 368 kg 
ha * higher than the control, respectively, although not significant. 
No differences were measured due to either herbicide or rate of 
application in either year.
The results of this field investigation indicated that
pendimethalin and trifluralin inhibited nodulation and Ng fixation of
Centennial cultivar soybeans, especially during the vegetative growth
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Table 13. The effects of pendimethalin and trifluralin herbicides
averaged over three rates on nodulation and N_ fixation of 
Centennial cultivar soybeans grown on an Olivier silt loam 
at the Burden Research Plantation, Baton Rouge, La. 1985.
 Nodule  R o o t  C2H4 Pro^uction ** —
Sampling Growth Number Weight Weight Plant Nodule Weight 
Date______ Staget_____________________________________________________
June 6 V4 A A
June 12 V6
June 19 V8 * A
June 26 V10
July 2 Vll A A
July 9 R1 A A
July 16 R2 A
July 23 R2 A
July 29 R2 A A
Aug. 6 R3 A
Aug. 13 R4
4 Significant Increase 
j Fehr et al. (1971)
No measurements were taken for these variables at this sampling.
Table 14. The effect of pendimethalin and trifluralin herbicides
applied at three rates on seed yield of Centennial cultivar 
soybeans grown on an Olivier silt loam at the Burden 
Research Plantation, Baton Rouge, La. 1984-1985.
Seed yield
Treatment Rate  1984--------  1985
kg ha-1 May 30 June 21
planting planting
--------------kg ha *--------------
Control 4016 2816 2431
Pendimethalin 1.12 3611 2863 2620
1.68 3991 2627 2697
2.24 4580 2701 2704
Trifluralin 1.12 4059 2789 2475
1.68 4345 2789 2650
2.24 4676 2755 2799
period, under the conditions of this study. The herbicides injured 
seedlings at all rates in both years, however injury was less severe 
in 1985 than in 1984. This was probably due to differences in overall 
growing conditions throughout the season. Other researchers have 
reported injury and inhibition of growth due to dinitroaniline 
herbicides (Parker and Dowler, 1976; Paromenskaya et al., 1979). 
Chebotar' (1979) found the dinitroanilines to injure soybeans and thin
plant stands. Baltazar (1976) found trifluralin to stunt growth at 1 
to 2 kg ha *, when seed was sown directly after herbicide placement.
Planting 5 to 10 days after placement allowed favorable growth.
However, in 1984 this study showed that trifluralin injured soybeans
at rates of 1.12 to 2.24 kg ha * when planted three weeks after 
herbicide placement. Wilson (1977) found pendimethalin to injure 
soybeans at 2.24 kg ha *, but injury only occurred in some years.
Nodulation was decreased by both herbicides at all rates both 
years. Most of the adverse effects occurred during the vegetative 
growth period. However, in 1985 nodulation was decreased up to the R3 
growth stage. Trifluralin has been found to Inhibit nodulation of 
soybeans by many other researchers (Baltazar, 1976; Bollich et al.,
1984; Chebotar’, 1979; Paromenskaya et al., 1979). Massariol and 
Lam-Sanchez (1974) did not find number of nodules to be affected by 
trifluralin at 4 L ha However, trifluralin was found to stimulate 
nodulation when applied at excessive rates (Alaa-Eldin et al., 1981). 
There were also occasional decreases in C^H^ production. Nitrogen 
fixation was found to be decreased by trifluralin in other studies 
(Baltazar, 1976; Bollich et al, 1984; Chebotar*, 1979; Paromenskaya et 
al., 1979).
Seed yield was not affected by trifluralin or pendimethalin 
herbicide either year. Yield was much higher from the first planting 
than the second in 1984. Although stand establishment was erratic and 
uneven, the soybeans compensated to produce excellent yields. Stand 
establishment was very uniform for the second planting. However, the 
late date of planting and the poor growing conditions early in the 
season caused seed yield to be much lower in the second planting than 
in the first planting. Seed yield was lower in 1985, possibly a 
reflection in the differences in environmental conditions between 
years. Harvest conditions were poor in 1985, resulting in seed 
damage, caused by rain at harvest maturity. Most researchers who 
measured inhibition of nodulation, or noticed plant injury, or found 
decreased ^2^4 production by herbicides usually found that the soybean 
plants recovered by seed formation, with no effect on yield. However, 
Parker and Dowler (1976) noted decreased yield of soybeans when 
trifluralin was applied at 1.12 kg ha *.
SUMMARY AND CONCLUSIONS
Laboratory Investigations.
Laboratory investigations were conducted to determine the 
influence of pendimethalin, trifluralin, and other selected herbicides 
on growth and respiration of Bradyrhizobium japonicum 3I1B110 (strain 
110) in pure culture. Direct contact between B. japonicum and the 
herbicides resulted in no influence on rhizobial growth over 
concentrations ranging from 10 to 2000 mg L Alachlor, mefluidide, 
metribuzin, sethoxydim, and 2,4-DB exerted no influence on rhizobial
growth at concentrations up to 14,550, 29,250, 9250, 31,000, and
26,000 mg L respectively. Acifluorfen, fluchloralin, metolachlor, 
pendimethalin, trifluralin, and vernolate inhibited B. japonicum 
growth in at least one of three trials when applied at 1575, 8600, 
23,350, 8600, 8600, and 9375 mg L *, respectively, when the herbicides
were tested using the filter disc method. This method has limitations 
in that determinations are based on visual assessment of rhizobial
growth. Consideration is not given to concentration changes due to
differential diffusion in the agar media, or herbicide loss due to
volatilization, or sorption to the paper discs.
When herbicides were incorporated into the agar media,
trifluralin decreased rhizobial cell number in two of three
experiments as level of herbicide increased to 100 mg L
Pendimethalin also decreased the number of rhizobial cells as
herbicide level increased during one trial, but exerted no influence 
on cell number in a second trial. Both pendimethalin and trifluralin
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increased number of rhizobial cells as herbicide concentrations were 
increased to 100 mg L * in a third experiment. Interpretation of 
these results indicate the difficulty in trying to assess the effects 
of herbicides on j}. japonicum under pure culture conditions.
Herbicides did not appear to inhibit B. japonicum, strain 110 
growth in broth culture. At a concentration of 10 mg L *,
acifluorfen, fluchloralin, pendimethalin, trifluralin, and vernolate 
had no influence on B. japonicum growth response. However, 
metolachlor did affect rhizobial growth during the 14-day incubation. 
Growth proceeded at a faster rate than did the control during the 
first four days, but then proceeded at a slower rate for the remainder 
of the incubation period. Pendimethalin and trifluralin applied at 
25, 50, 75, and 100 mg L * did not influence B. japonicum growth in
broth culture at any herbicide concentration.
Respiration of B. japonicum, strain 110 measured as (X^ 
evolution, was Inhibited when pendimethalin (100 mg L b  was contained 
in the media. Carbohydrate source influenced rhizobial respiration by 
pendimethalin. Evolution of CO^ was higher when arabinose was used as 
the energy substrate as compared to glucose in both the control and 
pendimethalin treatments. However, respiration rate was always lower 
when pendimethalin was present.
Greenhouse investigations.
Several herbicides tested in the screening study caused seedling 
injury, reduced plant growth, and decreased nodulation. Trifluralin 
injured root tissue and decreased the dry weight of roots and plant 
tops at the equivalent rates of 0.90 and 1.80 kg ha *. Nodule number
and dry weight were significantly reduced, and fixation was
negligible. The adverse effects of trifluralin on nodulation may have 
been a reflection of the inhibition of root formation and growth of 
the plant top. Linuron inhibited nodulation and plant dry weight, and 
severely injured young seedlings.
Pendimethalin and trifluralin decreased nodule dry weight, 
N2^C2H4^ fixation, and plant growth in the rate response study. 
Trifluralin adversely affected plant dry weight more than did 
pendimethalin. Nodule dry weight was decreased by pendimethalin at 
0.75, 1.00, and 1.25 kg ha *, and by trifluralin at 1.00 and 1.25 kg 
ha *. Nitrogen (C2 H 2 ) fixation per plant was decreased by both 
herbicides at 0.75, 1.00, and 1.25 kg ha *. Plant dry weight was
decreased by pendimethalin at 1.25 kg ha and by trifluralin at 1.00 
and 1.25 kg ha *.
Field investigations.
Increasing rate of pendimethalin and trifluralin adversely 
affected nodulation and ^ ^ 2 1 1 2 ) fixation at times during the 1984 and 
1985 growing seasons. Injury to the emerging seedlings occurred in 
both years. Injury was more pronounced in 1984 due to heavy rains
after planting. Seedling injury occurred at all rates for both 
herbicides, with injury increasing as herbicide rate increased. 
Minimal injury was noted at 1.12 kg ha * in 1985. The differences in 
the level of injury between years caused by the herbicides point out a 
major problem in trying to assess the effects of herbicides on the 
soybean-B. japonicum symbiosis in the field. Environmental conditions 
can influence the behavior of herbicides. The chemical and biological
status of the soil, and agricultural practices can sometimes be 
modified for field research. However, little can be done to alter
environmental conditions.
Nodulation was adversely affected by the herbicides in both 
years, especially during vegetative growth. In 1984, nodulation was 
decreased at all three application rates (1.12, 1.68, and 2.24 kg 
ha *). The decrease in nodulation caused by both herbicides at 1.12 
kg ha * was moderate in 1985. However, both herbicides caused greater 
decreases in nodulation at 1.68 and 2.24 kg ha *.
Plant roots were injured by both herbicides, especially at the 
higher rates in both years. Root injury symptoms included clubbing of 
lateral roots and swollen tap roots. This injury was never reflected 
in a decrease in root weight.
NitrogenCCjK^,) fixation was decreased by both herbicides at all 
rates in 1984. Trifluralin appeared to decrease production more
than pendimethalin at 1.12 kg ha Effects on production for
both herbicides were similar at 1.68 and 2.24 kg ha In 1985 there 
were only occasional decreases in production by either herbicide
at 1.68 and 2.24 kg ha *. Ethylene production was not affected at 
1.12 kg ha"1.
Seed yield was not affected by the herbicides either year. 
Although pendimethalin and trifluralin injured soybeans and caused 
decreases in nodulation and ^  fixation during the growing season, the 
plants were able to produce good yields.
It appears that JB. japonicum, strain 110 growth is generally not
affected by herbicides at low concentrations (10 mg L 1). In a field
situation under normal circumstances, level of herbicide would seldom
-1exceed 2 to 3 mg kg of soil. However, circumstances may be 
encountered where level of herbicide is extremely high. Laboratory 
results have shown that B. japonicum growth and respiration can be 
inhibited by herbicides at higher concentrations. Pendimethalin and 
trifluralin inhibited nodulation and fixation of field-grown
soybeans during the growing season, however neither herbicide
influenced seed yield. Both herbicides appeared to behave similarly
under field conditions.
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APPENDIX
Appendix Table 1. ANOVA for the effects of six herbicides on growth
of japonicum, strain 110, Laboratory Experiment One.
VARIABLE: KLETT
SOURCE DF MS F VALUE PR>F
NAME 6 1590.2904 9.31 0.0001
DAYS (NAME) 7 26383.4000 154.45 0.0001
ERROR 56 170.8195
CORRECTED TOTAL 69
R-SQUARE - 0.953060 C.V. - 14.1339
T for HO: PR>T STD ERROR
PARAMETER ESTIMATE PARAMETER-0 ESTIMATE
INTERCEPT -14.2113 -1.68 0.0991 8.4744
NAME ACIFLUORFEN 7.9722 0.67 0.5087 11.9846
CONTROL 10.2056 0.85 0.3981 11.9846
FLUCHLORALIN 1.0956 0.09 0.9275 11.9846
METOLACHLOR 59.1449 4.94 0.0001 11.9846
PENDIMETHALIN 18.4047 1.54 0.1302 11.9846
TRIFLURALIN 10.5196 0.88 0.3838 11.9846
VERNOLATE 0.0000 • • •
DAYS(NAME) ACIFLUORFEN 15.0357 13.62 0.0001 1.1042
CONTROL 14.8665 13.46 0.0001 1.1042
FLUCHLORALIN 15.0471 13.63 0.0001 1.1042
METOLACHLOR 10.3233 9.35 0.0001 1.1042
PENDIMETHALIN 13.8965 12.59 0.0001 1.1042
TRIFLURALIN 13.2077 11.96 0.0001 1.1042
VERNOLATE 13.0614 11.83 0.0001 1.1042
REGRESSION EQUATIONS:
ACIFLUORFEN -6.24 (+8.47) + 15.03 (+1.10)
FLUCHLORALIN -13.12 (+8.47) + 15.05 (+1.10)
METOLACHLOR 44.93 (+8.47) + 10.32 (+1.10)
PENDIMETHALIN 4.19 (+8.47) + 13.90 (+1.10)
TRIFLURALIN -3.69 (+8.47) + 13.21 (+1.10)
VERNOLATE -14.21 (+8.47) + 13.06 (+1.10)
CONTROL -4.21 (+8.47) + 14.86 (+1.10)
Appendix Table 2. ANOVA for the effects of metolachlor on growth of
B. japonicum, strain 110, Laboratory Experiment One (metolachlor vs
others).
VARIABLE: KLETT
SOURCE DF MS F VALUE PR>F
HERB 1 5457.6095 25.29 0.0001
DAYS (HERB) 2 426.53 0.0001
ERROR 66 215.8024
CORRECTED TOTAL 69
R-SQUARE - 0.930110 C.V. - 15.8862
T for HO: PR>T STD ERROR
PARAMETER ESTIMATE PARAMETER ESTIMATE
INTERCEPT 6.1783 -1.59 0.1169 3.8886
HERB METOLACHLOR 51.1119 4.97 0.0001 10.2882
OTHERS 0.0000 • • •
DAYS(HERB) METOLACHLOR 10.3233 8.32 0.0001 1.2411
OTHERS 14.1858 28.00 0.0001 0.5067
REGRESSION EQUATIONS:
METOLACHLOR - KLETT NUMBER - 44.93 (+9.52) + 10.32 (+1.24) 
OTHERS - KLETT NUMBER - -6.18 (+ 3.89) + 14.19 T+0.51)
Appendix Table 3. ANOVA for the effects of pendimethalin and
trifluralin herbicides on the establishment of japonicum, strain






































































































































































R-SQUARE - 0.936361 C.V. - 21.2969


































R-SQUARE - 0.502939 C.V. - 52.1744
Appendix Table 4. ANOVA for the effects of pendimethalin and
trifluralin herbicides on growth of japonicum, strain 110, in
broth culture, Laboratory Experiment Four.
TRIFLURALIN (TRIAL 1)
VARIABLE: KLETT 
SOURCE DF MS F VALUE
DAYS 7 13442.5357 1359.79
LEVEL 4 155.0500 0.70
REP(LEVEL)EA 5 222.4000 22.50






DAY QUADRATIC 1 2185.1523 221.04
DAY CUBIC 1 1728.2182 174.82
LEVEL LINEAR 1 71.5562 7.24
LEVEL QUADRATIC 1 313.5045 31.71
LEVEL CUBIC 1 148.2250 14.99
R-SQUARE - 0.996547 C.V. - 4.4425
VARIABLE: KLETT 
SOURCE DF
TRIFLURALIN (TRIAL 2) 
MS F VALUE
DAYS 7 18295.3982 802.62
LEVEL 4 101.4810 0.26
REP(LEVEL)EA 5 390.7375 17.14






DAY QUADRATIC 1 20280.1006 889.69
DAY CUBIC 1 474.3034 20.81
LEVEL LINEAR 1 5.6250 0.25
LEVEL QUADRATIC 1 1.1429 0.05























R-SQUARE - 0.993957 C.V. - 5.3487
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Appendix Table 4. (continued).
PENDIMETHALIN (TRIAL 1)
VARIABLE: KLETT
SOURCE DF MS F VALUE
DAYS 7 33116.1839 295.39
LEVEL 4 4881.9687 4.00
REP(LEVEL)EA 5 1219.9375 10.88
DAYS*LEVEL 28 294.8045 2.63
ERROR 35 112.1089
CORRECTED TOTAL 79
DAY LINEAR 1 219177.2149 1955.04
DAY QUADRATIC 1 11382.8149 101.53
DAY CUBIC 1 447.5640 3.99
LEVEL LINEAR 1 10972.6562 97.87
LEVEL QUADRATIC 1 242.3616 2.16
LEVEL CUBIC 1 855.6250 7.63
R-SQUARE - 0.985447 C.V. - 9.1524
PENDIMETHALIN (TRIAL 2)
VARIABLE: KLETT
SOURCE DF MS F VALUE
DAYS 7 20437.6268 182.15
LEVEL 4 6224.1062 4.62
REP(LEVEL) 5 1346.2875 12.00
DAYS*LEVEL 28 88.6491 0.79
ERROR 35 112.2018
CORRECTED TOTAL 79
DAY LINEAR 1 133767.9053 1192.21
DAY QUADRATIC 1 4899.5006 43.67
DAY CUBIC 1 1991.6095 17.75
LEVEL LINEAR 1 24206.4000 215.74
LEVEL QUADRATIC 1 261.4464 2.33























R-SQUARE - 0.978316 C.V. - 11.8534
Appendix Table 5. ANOVA for the influence of pendimethalin and
carbohydrate source combinations on the growth of japonlcum, strain
110, Laboratory Experiment Five,
Trial one
VARIABLE: C02 EVOLUTION
SOURCE DF MS F VALUE PR>F
SUGAR 1 23.5456 127.77 0.0001
HERB 1 87.0870 472.59 0.0001
SUGAR*HERB 1 57.0180 309.42 0.0001
ERROR A 6 0.1843 1.52 0.1995
ERROR B 36 0.1212
CORRECTED TOTAL 69
DAY 6 20.2687 167.24 0.0001
SUGAR*DAY 6 2.4259 20.02 0.0001
HERB*DAY 6 4.2402 34.99 0.0001
SUGAR*HERB*DAY 6 2.6475 21.84 0.0001
G, W/0 LINEAR 1 44.6429 368.34 0.0001
G, W LINEAR 1 57.0900 471.04 0.0001
A, W/0 LINEAR 1 56.0000 462.05 0.0001
A, W LINEAR 1 0.0030 0.02 0.8806
G, W/0 QUADRATIC 1 5.7202 47.20 0.0001
G, W QUADRATIC 1 1.6272 13.43 0.0010
A, W/0 QUADRATIC 1 10.0059 82.56 0.0001
A, W QUADRATIC 1 0.0010 0.01 0.9309
R-SQUARE - 0.987997 C.V. - 12.6594
Appendix Table 5. (Continued).
Trial two
VARIABLE: CO- EVOLUTION
SOURCE DF MS F VALUE
SUGAR 1 5.4321 22.68
HERB 1 12.2061 50.97
SUGAR*HERB 1 0.4339 1.81
ERROR A 6 0.5516 2.30
ERROR B 36 0.2395
CORRECTED TOTAL 69
DAY 6 85.7349 358.03
SUGAR*DAY 6 0.4578 1.91
HERB*DAY 6 1.6736 6.99
SUGAR*HERB*DAY 6 0.2816 1.18
W/0 LINEAR 1 255.0089 1064.75
W LINEAR 1 226.5715 946.02
W/0 QUADRATIC 1 8.5186 35.57














R-SQUARE - 0.984575 C.V. - 10.4053
Appendix Table 6. ANOVA for the effects of nine herbicides on 
nodulation and ^  fixation of Forrest cultivar soybeans grown in a 
greenhouse, Experiment One.
















R-SQUARE - 0.804683 C.V. - 27.5571
VARIABLE: NODULE DRY WEIGHT (MG) 
SOURCE DF MS 
REP 3 0.0024 
TRT 11 0.0123 








R-SQUARE - 0.809883 C.V. - 28.5785
VARIABLE: ROOT DRY WEIGHT (G)
SOURCE DF MS 
REP 3 0.0047 
TRT 11 0.0662 








R-SQUARE - 0.779187 C.V. - 22.1776
VARIABLE: PLANT DRY WEIGHT (G)
SOURCE DF MS 
REP 3 0.0674 
TRT 11 1.0152 








R-SQUARE - .857992 C.V. - 15.9601
















R-SQUARE - 0.641038 C.V. - 47.4348
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Appendix Table 6. (Continued) •
VARIABLE: C0H ./NODULE/H
SOURCE DF MS F VALUE
REP 3 0.0078 2.78
TRT 10 0.0059 2.09
ERROR 25 0.0028
CORRECTED TOTAL 38
R-SQUARE - 0.539116 C.V. - 45.6392
VARIABLE: C^H,/NODULE DRY WT/H
SOURCE DF MS F VALUE
REP 3 328.95 0.94
TRT 10 109.59 0.31
ERROR 25 350.18
CORRECTED TOTAL 38








Appendix Table 7. The effects of pendimethalin and trifluralin 
herbicides on nodulation and Nj fixation of Centennial cultivar 
soybeans grown in a greenhouse, Experiment Two.








kg ha * ------mg- jiM g
Control 66 135.1 927.5 8.26 2.56
Pendimethalin 0.25 62 123.6 888.2 6.65 2.65
0.50 64 140.8 880.0 9.19 2.70
0.75 62 111.9 946.2 6.18 2.73
1.00 43 80.6 852.8 3.99 2.52
1.25 50 62.4 762.7 2.36 2.02
Trifluralin 0.25 64 114.1 853.3 6.18 2.43
0.50 70 147.4 814.2 7.66 2.50
0.75 71 97.2 897.2 4.97 2.67
1.00 39 58.3 756.7 3.82 1.88
1.25 30 41.5 609.0 1.12 1.87
Trial 2
Control 95 226.6 977.1 10.80 2.52
Pendimethalin 0.25 74 166.7 886.2 8.10 2.66
0.50 85 197.4 1039.2 7.35 2.36
0.75 80 142.8 1058.8 6.81 2.10
1.00 112 145.6 988.2 7.65 1.84
1.25 80 108.9 801.5 5.01 1.83
Trifluralin 0.25 91 196.0 1218.0 8.28 2.57
0.50 82 168.9 996.9 7.23 2.31
0.75 83 203.0 918.4 6.09 1.80
1.00 85 170.4 813.3 4.14 2.09
1.25 53 77.0 526.3 3.36 1.17
Appendix Table 8. The effects of pendimethalin and trifluralin 
herbicides on nodulation, fixation, and growth of Centennial 








Root C2H4 Pr0(*ucti<jn 
Dry Weight per plant h 








1.00 * * *






1.25 * * *
* Significant decrease from the control
Appendix Table 9. The effects of pendimethalin and trifluralin 
herbicides on nodulation, fixation, and growth of Centennial 
cultivar soybeans grown in a greenhouse, Experiment Two.t
















Pendimethalin 0.25 68 145.2 737.6 7.37 2.66
0.50 75 169.1 826.9 8.27 2.53
0.75 72 127.4 649.6 6.50 2.42
1.00 77 113.1 581.9 5.82 2.18
1.25 65 85.6 368.5 3.68 1.93
Trifluralin 0.25 78 155.1 723.0 7.23 2.50
0.50 76 158.2 744.7 7.45 2.40
0.75 77 150.1 553.2 5.53 2.23
1.00 62 114.4 398.1 3.98 1.98
1.25 41 59.3 224.1 2.24 1.52
These data represent mean values combined over Trials One and Two.
Appendix Table 10. ANOVA for the effects of pendimethalin and
trifluralin on nodulation, N^ fixation, and plant growth of Centennial
cultivar soybeans grown in a greenhouse (combined over two trials,
Experiment Two).
VARIABLE: NODULE NUMBER
SOURCE DF MS F VALUE PR>F
EXP 1 16200.4091 27.54 0.0001
REP(EXP) 6 325.1061 0.55 0.7663
TRT 10 989.6739 1.68 0.1022
ERROR 70 588.3226
CORRECTED TOTAL 87
CONTROL VS HERB 1 945.1636 1.61 0.2092
HERB 1 405.0000 0.69 0.4095
RATE 4 1296.1047 2.20 0.0775
INTERACTION 4 840.5390 1.43 0.2336
R-SQUARE - 0.405137 C.V. - 34.5831
VARIABLE: NODULE DRY WEIGHT (MG)
SOURCE DF MS F VALUE PR>F
EXP 1 86651.4768 39.47 0.0001
REP(EXP) 6 1354.5462 0.62 0.7160
TRT 10 10884.1028 4.96 0.0001
ERROR 70 2195.4988
CORRECTED TOTAL 87
CONTROL VS HERB 1 20518.8074 9.35 0.0032
HERB 1 9.5911 0.00 0.9475
RATE 4 20649.5562 9.41 0.0001
LINEAR 1 67367.1601 30.68 0.0001
QUADRATIC 1 13772.0579 6.27 0.0146
INTERACTION 4 1428.6012 0.65 0.6283
R-SQUARE - 0.569877 C.V. - 35.3431
VARIABLE: C^/PLANT/H
SOURCE DF MS F VALUE PR>F
EXP 1 37.8263 4.54 0.0366
REP(EXP) 6 10.6448 1.28 0.2784
TRT 10 37.5576 4.51 0.0001
ERROR 70 8.3259
CORRECTED TOTAL 87
CONTROL VS HERB 1 100.8358 12.11 0.0009
HERB 1 21.7413 2.61 0.1106
RATE 4 61.5974 7.40 0.0001
LINEAR 1 216.7252 26.03 0.0001
QUADRATIC 1 20.6823 2.48 0.1195
INTERACTION 4 1.6524 0.20 0.9384
R-SQUARE - 0.450220 C.V. - 46.9472
Appendix Table 10. (Continued).
VARIABLE: PLANT WEIGHT (G)
SOURCE DF MS F VALUE PR>F
EXP 1 1.9674 11.44 0.0012
REP(EXP) 6 0.0919 0.53 0.7803
TRT 10 0.9271 5.39 0.0001
ERROR 70 0.1719
CORRECTED TOTAL 87
CONTROL VS HERB 1 0.6917 4.02 0.0487
HERB 1 0.9355 5.44 0.0225
RATE 4 1.8619 10.83 0.0001
LINEAR 1 7.0212 40.84 0.0001
QUADRATIC 1 0.4129 2.40 0.1257
INTERACTION 4 0.0489 0.28 0.8871
R-SQUARE - 0.494844 C.V. - 18.3166
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Appendix Table 11. The effect of pendimethalin and trifluralin 
herbicides on nodulatlon and nitrogen fixation of Centennial cultivar 
soybeans grown on an Olivier silt loam at the Burden Research 
Plantation, Baton Rouge, La. 1984.
Treatment Rate








kg ha-1 mg g g
Sampled 6/22 (V4)f
Control 20 7.3 0.1881 0.10 0.005 0.014
Pendimethalin 1.12 14 5.4 0.1660 0.07 0.004 0.011
1.68 12 4.0 0.1698 0.02 0.003 0.009
2.24 10 3.4 0.1574 0.04 0.004 0.011
Trifluralin 1.12 17 6.3 0.1441 0.09 0.005 0.012
1.68 14 5.4 0.1768 0.10 0.006 0.014
2.24 11 4.3 0.1709 0.06 0.005 0.011
Sampled 7/8 (V10)
Control 27 55.5 0.3934 4.63 0.176 0.084
Pendimethalin 20 29.5 0.4952 1.75 0.094 0.052
19 34.8 0.4286 1.84 0.096 0.068
14 11.6 0.4032 0.55 0.044 0.046
Trifluralin 25 31.0 0.3930 1.84 0.067 0.055
21 40.2 0.4562 2.90 0.160 0.071
17 22.9 0.4070 1.41 0.082 0.058
Sampled 7/8 (V2)








Control 40 53.7 0.2812 2.86 0.072 0.054
Pendimethalin 30 28.1 0.3165 1.43 0.045 0.048
31 21.7 0.2930 0.92 0.029 0.042
22 16.1 0.3001 0.50 0.021 0.027
Trifluralin 24 21.6 0.3152 0.96 0.039 0.043
29 20.3 0.2874 0.76 0.025 0.035
24 17.7 0.2808 0.94 0.036 0.048
11 8
Appendix Table 11. (Continued).
Sampled 7/24 (V6)
Control 43 78.5 0.4734 4.39 0.104 0.054
Pendimethalin 40 47.4 0.4565 2.89 0.069 0.059
34 34.4 0.4668 1.49 0.039 0.040
26 22.1 0.4852 0.65 0.022 0.027
Trifluralin 34 41.2 0.4626 1.08 0.035 0.027
27 32.0 0.4111 0.77 0.027 0.026
27 31.1 0.4424 1.14 0.036 0.031
Sampled 7/29 (V9)
Control 38 74.5 0.5998 2.64 0.068 0.033
Pendimethalin 34 49.1 0.7103 1.76 0.051 0.034
25 28.9 0.5604 0.72 0.029 0.027
26 23.7 0.7284 0.63 0.023 0.031
Trifluralin 35 37.2 0.7516 0.89 0.023 0.020
32 43.2 0.6893 1.26 0.041 0.032
37 51.4 0.7639 1.45 0.034 0.025
Sampled 8/13 (R2)
Control 117 313.4 1.3740 7.15 0.058 0.022
Pendimethalin 89 205.5 1.1047 7.34 0.086 0.036
84 201.4 1.2010 7.88 0.095 0.041
79 128.5 1.1103 5.82 0.074 0.044
Trifluralin 94 290.2 1.5540 11.32 0.116 0.037
77 239.6 1.3865 8.24 0.105 0.035
96 270.7 1.1878 10.66 0.116 0.039
Sampled 8/21 (R3)
Control 181 516.2 2.8908 17.70 0.119 0.036
Pendimethalin 175 489.1 2.5334 16.10 0.109 0.034
161 428.7 2.6751 17.96 0.123 0.040
139 336.1 2.5672 12.88 0.110 0.047
Trifluralin 209 437.6 2.4715 18.13 0.086 0.043
194 429.7 2.3664 20.15 0.108 0.045
214 497.8 2.7105 22.39 0.108 0.051
Appendix Table 11. (Continued).
Sampled 9/10 (R5)
Control 276 1386.2 2.3601 37.92 0.150 0.029
Pendimethalin 256 1140.9 2.6539 38.28 0.151 0.033
165 869.8 2.4138 29.97 0.185 0.034
160 625.8 1.7543 20.18 0.153 0.032
Trifluralin 177 950.0 2.1480 27.73 0.166 0.030
197 889.9 2.3116 31.87 0.167 0.035
221 1111.9 2.1541 33.17 0.172 0.034
Sampled 9/25 (R6)
Control 238 1400.1 2.5472 18.79 0.085 0.014
Pendimethalin 222 1527.6 2.8669 19.67 0.093 0.013
145 1056.5 2.8846 15.19 0.104 0.015
121 921.3 2.2929 10.87 0.103 0.013
Trifluralin 190 1299.2 2.3494 15.80 0.084 0.011
160 836.1 2.4503 13.51 0.085 0.017
107 767.7 2.0173 8.70 0.077 0.010
| Growth stage (Fehr et al. 1971).
These variables were not measured at this sampling period.
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Appendix Table 12. The effect of pendimethalin and trifluralin 
herbicides at on nodulation and nitrogen fixation of Centennial 
cultivar soybeans grown on an Olivier silt loam at the Burden Research 
Plantation, Baton Rouge, La. 1985.
— Nodule—  Root --- — jiM C H. h"1------
Treatment Rate No. Wt. Wt. Plant Nodule Nod. Wt.




Control 18 84.0 § § § §
Pendimethalin 1.12 14 42.8
1.68 11 22.0
2.24 9 20.6




Control 27 35.8 0.4298 0.58 0.022 0.017
Pendimethalin 25 43.0 0.4211 0.62 0.026 0.015
16 17.7 0.4233 0.45 0.027 0.024
21 17.2 0.3690 0.39 0.017 0.028
Trifluralin 22 38.5 0.4420 0.75 0.034 0.022
26 35.6 0.3634 0.62 0.027 0.017
22 28.9 0.4776 0.51 0.024 0.017
Sampled 6/19 (V8)
Control 31 44.7 0.6262 1.67 0.058 0.041
Pendimethalin 28 38.0 0.6324 1.49 0.053 0.034
20 21.8 0.6796 0.60 0.031 0.027
18 15.2 0.6102 0.48 0.019 0.021
Trifluralin 24 33.2 0.7458 0.85 0.039 0.025
28 27.4 0.6589 0.57 0.022 0.021
14 15.8 0.6008 0.46 0.037 0.037
Sampled 6/26 (V10)
Control 74 114.0 1.0298 3.95 0.055 0.037
Pendimethalin 51 72.0 1.0093 3.16 0.057 0.041
51 65.4 1.1626 3.07 0.062 0.047
36 48.6 1.0351 1.94 0.043 0.031
Trifluralin 60 85.8 1.0740 2.28 0.037 0.027
60 93.3 1.3488 3.60 0.058 0.033
47 81.4 1.3652 3.02 0.068 0.042
1 2 1
Appendix Table 12. (Continued).
Sampled 7/02 (VI1)
Control 71 143.5 1.0599 3.72 0.050 0.026
Pendimethalin 48 80.0 1.5404 3.12 0.066 0.034
34 51.2 1.8662 2.28 0.063 0.048
29 67.1 1.5196 2.71 0.076 0.051
Trifluralin 66 138.9 1.4354 4.58 0.070 0.038
48 93.4 1.3637 4.36 0.092 0.051
24 43.0 1.5704 1.14 0.044 0.030
Sampled 7/09 (Rl)
Control 129 353.3 1.5511 11.16 0.091 0.032
Pendimethalin 102 241.3 1.5864 8.92 0.089 0.037
84 224.6 1.3682 8.53 0.103 0.037
82 249.0 1.9770 8.99 0.105 0.037
Trifluralin 91 219.8 1.8123 9.20 0.099 0.044
68 193.4 1.7580 7.16 0.101 0.037
79 244.4 2.3246 7.48 0.097 0.033
Sampled 7/16 (R2)
Control 132 426.9 2.0438 13.45 0.104 0.033
Pendimethalin 139 372.1 2.3488 12.46 0.099 0.035
72 178.8 1.8878 7.55 0.185 0.074
65 189.6 2.1574 4.74 0.089 0.037
Trifluralin 116 323.5 1.9442 10.14 0.088 0.033
76 206.1 2.2724 7.49 0.092 0.036
89 195.0 2.2238 8.67 0.091 0.046
Sampled 7/23 (R2)
Control 166 538.4 2.1820 8.39 0.054 0.017
Pendimethalin 108 313.5 1.8604 4.30 0.039 0.013
119 429.3 2.2671 7.54 0.068 0.018
129 369.9 2.0145 8.23 0.068 0.032
Trifluralin 151 518.1 2.6011 9.25 0.063 0.019
119 494.1 2.5904 7.86 0.073 0.020
101 329.5 2.3086 8.73 0.078 0.026
Appendix Table 12. (Continued).
Sampled 7/29 (R2)
Control 178 609.4 2.4926 6.83 0.040 0.012
Pendimethalin 188 636.1 2.9566 7.56 0.043 0.014
121 355.6 2.8909 4.54 0.043 0.013
141 490.0 2.9607 8.06 0.057 0.018
Trifluralin 158 561.1 2.8949 6.66 0.041 0.011
88 338.1 2.9406 4.22 0.049 0.013
83 253.7 2.5060 4.55 0.060 0.023
Control 185
Sampled 8/06 (R3) 
791.8 3.2180 7.21 0.039 0.010
Pendimethalin 152 597.0 3.3887 6.46 0.046 0.011
140 550.9 2.9851 6.69 0.052 0.013
113 383.2 2.4730 6.44 0.059 0.020
Trifluralin 165 514.0 2.9937 6.26 0.042 0.014
155 591.4 2.7567 6.38 0.043 0.011
126 431.5 2.7195 4.67 0.039 0.012
Control 176
Sampled 8/13 (R4) 
902.5 3.3525 6.32 0.038 0.008
Pendimethalin 104 507.5 2.8993 6.79 0.068 0.014
109 504.5 3.9325 4.73 0.046 0.012
122 652.1 3.4950 5.27 0.051 0.011
Trifluralin 114 474.5 3.5431 4.57 0.044 0.010
103 450.7 2.8695 4.84 0.048 0.011
129 556.1 3.0193 5.27 0.043 0.012
Growth stage (Fehr et al. 1971).
These variables were not measured at this sampling period.
Appendix Table 13. ANOVA for the effects of pendimethalin and
trifluralin herbicides on nodulation and Ng fixation of Centennial
cultivar soybeans grown on an Olivier silt loam at the Burden Research
Plantation, Baton Rouge, La. 1984.
JUNE 22 (MAY 30 PLANTING)
VARIABLE: NODULE NUMBER
SOURCE DF MS F VALUE PR>F
REP 3 939.8750 6.08 0.0025
TRT 6 810.0357 1.54 0.2206
REP*TRT 18 524.7500 3.40 0.0019
ERROR 28 154.4821
CORRECTED TOTAL 55
CONTROL VS HERB 1 2754.2976 5.25 0.0342
HERB 1 330.7500 0.63 0.4376
RATE 2 856.5833 1.63 0.2231
INTERACTION 2 31.0000 0.06 0.9428
R-SQUARE - 0.798353 C.V. - 29.6309
VARIABLE: NODULE DRY WEIGHT (MG)
SOURCE DF MS F VALUE PR>F
REP 3 9.0030 0.25 0.8626
TRT 6 133.9977 0.99 0.4630
REP*TRT 18 135.8189 3.73 0.0009
ERROR 28 36.4102
CORRECTED TOTAL 55
CONTROL VS HERB 1 376.1317 2.77 0.1134
HERB 1 132.3352 0.97 0.3367
RATE 2 144.4181 1.06 0.3660
INTERACTION 2 3.3414 0.02 0.9757
R-SQUARE - 0.762647 C.V. - 39.0511
VARIABLE: ROOT DRY WEIGHT (G)
SOURCE DF MS F VALUE PR>F
REP 3 0.0023 0.15 0.9280
TRT 6 0.0141 0.92 0.4944
REP*TRT 18 0.0281 1.84 0.0725
ERROR 28 0.0153
CORRECTED TOTAL 55
CONTROL VS HERB 1 0.0352 1.25 0.2776
HERB 1 0.0000 0.00 0.9758
RATE 2 0.0119 0.43 0.6600
INTERACTION 2 0.0127 0.45 0.6421
R-SQUARE - 0.582212 C.V. - 24.6079
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R-SQUARE - 0.724481 C.V. - 61.3935
VARIABLE: C-H./NODULE DRY WEIGHT/H
SOURCE DF MS F VALUE
REP 3 0.0004 10.45
TRT 6 0.0000 0.70
REP*TRT 18 0.0000 1.44
ERROR 28 0.0000
CORRECTED TOTAL 55
CONTROL VS HERB 1 0.0000 0.61
HERB 1 0.0000 0.86
RATE 2 0.0000 0.01
INTERACTION 2 0.0000 0.73









Appendix Table 13. (Continued).
JULY 8 (MAY 30 PLANTING)
VARIABLE: NODULE NUMBER
SOURCE DF MS F VALUE
REP 3 971.4464 3.27
TRT 6 1513.2381 2.32
REP*TRT 18 652.6825 2.20
ERROR 28 296.8036
CORRECTED TOTAL 55
CONTROL VS HERB 1 3813.7619 5.84
HERB 1 1220.0833 1.87
RATE 2 1940.7708 2.97
INTERACTION 2 82.0208 0.13









VARIABLE: NODULE DRY WEIGHT (MG)
SOURCE DF MS F VALUE
REP 3 7313.1869 2.93
TRT 6 13613.7245 5.45
REP*TRT 18 4244.7097 1.70
ERROR 28 2499.6178
CORRECTED TOTAL 55
CONTROL VS HERB 1 45546.8571 10.73
HERB 1 4015.0208 0.95
RATE 2 15191.5193 3.58
LINEAR 1 12183.6050 2.87
QUADRATIC 1 18199.5337 4.29











R-SQUARE - 0.720061 C.V. - 51.7463
VARIABLE: ROOT DRY WEIGHT (G)
SOURCE DF MS F VALUE
REP 3 0.6458 3.56
TRT 6 0.1048 0.58
REP*TRT 18 0.1425 0.79
ERROR 28 0.1813
CORRECTED TOTAL 55
CONTROL VS HERB 1 0.0849 0.60
HERB 1 0.0599 0.42
RATE 2 0.0701 0.49









R-SQUARE - 0.502638 C.V. - 33.3792
Appendix Table 13. (Continued).
VARIABLE: C0H ./PLANT/H
SOURCE DF MS F VALUE
REP 3 13.8870 1.32
TRT 6 121.6753 4.60
REP*TRT 18 26.4152 2.51
ERROR 28 10.5384
CORRECTED TOTAL 55
CONTROL VS HERB 1 522.7025 19.75
HERB 1 48.2403 1.82
RATE 2 70.0422 2.65
INTERACTION 2 9.5124 0.36
R-SQUARE - 0.808798 C.V. - 50.7714
VARIABLE: C.H./NODULE/H
SOURCE DF MS F VALUE
REP 3 0.0055 4.53
TRT 6 0.0185 2.00
REP*TRT 18 0.0093 7.14
ERROR 28 0.0013
CORRECTED TOTAL 55
CONTROL VS HERB 1 0.0497 5.36
HERB 1 0.0076 0.82
RATE 2 0.0182 1.97
INTERACTION 2 0.0086 0.93
R-SQUARE - 0.890513 C.V. - 35.1088
VARIABLE: C0H./NODULE DRY WEIGHT/H
SOURCE DF MS F VALUE
REP 3 0.0003 1.21
TRT 6 0.0014 2.01
REP*TRT 18 0.0007 3.04
ERROR 28 0.0002
CORRECTED TOTAL 55
CONTROL VS HERB 1 0.0046 6.72
HERB 1 0.0004 0.61
RATE 2 0.0015 2.22

























R-SQUARE - 0.772621 C.V. - 24.0548
Appendix Table 13. (Continued).
JULY 8
VARIABLE: NODULE NUMBER
SOURCE DF MS F VALUE
REP 4 10.3909 0.81




CONTROL VS HERB 1 389.5048 30.20
HERB 1 128.1333 9.93
RATE 2 16.0333 1.24
INTERACTION 1 8.6111 0.67
R-SQUARE - 0.662792 C.V. - 34.9988
VARIABLE: NODULE DRY WEIGHT (MG)
SOURCE DF MS F VALUE
REP 4 10827.9286 0.69




CONTROL VS HERB 1 271584.3048 17.43
HERB 1 38306.1333 2.46
RATE 2 2317.4333 0.15
INTERACTION 2 10325.4333 0.66
R-SQUARE - 0.502984 C.V. - 72.8191
JULY 19
VARIABLE: NODULE NUMBER
SOURCE DF MS F VALUE
REP 4 2678.5857 5.85
TRT 6 3409.4619 7.45
REP*TRT 24 369.6524 0.81
ERROR 35 457.8571
CORRECTED TOTAL 69
CONTROL VS HERB 1 13283.4381 35.93
HERB 1 721.0667 1.95
RATE 2 2519.5166 6.82
LINEAR 1 1876.9000 5.08
QUADRATIC 1 3162.1333 8.55
INTERACTION 2 706.6166 1.91

























Appendix Table 13. (Continued).
VARIABLE: NODULE DRY WEIGHT (MG)
SOURCE DF MS F VALUE PR>F
REP 4 452.8943 0.50 0.7357
TRT 6 15089.6575 8.59 0.0001
REP*TRT 24 1756.3217 1.94 0.0362
ERROR 35 905.3823
CORRECTED TOTAL 69
CONTROL VS HERB 1 82695.6275 47.08 0.0001
HERB 1 582.8167 0.33 0.5699
RATE 2 2867.1451 1.63 0.2164
INTERACTION 2 762.6051 0.43 0.6528
R-SQUARE - 0.809324 C.V. - 39.1646
VARIABLE: ROOT DRY WEIGHT (G)
SOURCE DF MS F VALUE PR>F
REP 4 0.1351 5.10 0.0024
TRT 6 0.0200 0.76 0.6084
REP*TRT 24 0.0317 1.20 0.3083
ERROR 35 0.0265
CORRECTED TOTAL 69
CONTROL VS HERB 1 0.0240 0.76 0.3928
HERB 1 0.0103 0.32 0.5746
RATE 2 0.0391 1.23 0.3093
INTERACTION 2 0.0039 0.12 0.8838
R-SQUARE - 0.605213 C.V. - 18.3149
VARIABLE: C^/PLANT/H
SOURCE DF MS F VALUE PR>F
REP 4 8.7305 2.28 0.7980
TRT 6 55.2344 14.45 0.0001
REP*TRT 24 5.2242 1.37 0.1959
ERROR 35 3.8220
CORRECTED TOTAL 69
CONTROL VS HERB 1 289.6867 55.45 0.0001
HERB 1 0.5587 0.11 0.7465
RATE 2 10.8219 2.07 0.1479
INTERACTION 2 9.7584 1.87 0.1762
R-SQUARE - 0.786129 C.V. - 54.4723
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Appendix Table 13 (Continued).
VARIABLE: C0H,/NODULE/H
SOURCE DF MS F VALUE
REP 4 0.0006 1.98
TRT 6 0.0030 10.04
REP*TRT 24 0.0005 1.69
ERROR 35 0.0003
CORRECTED TOTAL 69
CONTROL VS HERB 1 0.0136 27.35
HERB 1 0.0000 0.09
RATE 2 0.0013 2.78
INTERACTION 2 0.0006 1.36
R-SQUARE - 0.756329 C.V. - 44.7387
VARIABLE: C-H,/NODULE DRY WEIGHT/H
SOURCE DF MS F VALUE
REP 4 0.0012 12.03
TRT 6 0.0008 4.52
REP*TRT 24 0.0002 1.84
ERROR 35 0.0001
CORRECTED TOTAL 69
CONTROL VS HERB 1 0.0015 8.13
HERB 1 0.0001 0.97
RATE 2 0.0004 2.22
INTERACTION 2 0.0012 6.80
P LINEAR 1 0.0022 12.12
P QUADRATIC 1 0.0001 0.66
T LINEAR 1 0.0001 0.67
T QUADRATIC 1 0.0008 4.59
R-SQUARE - 0.802736 C.V. - 23.8381
JULY 24
VARIABLE: NODULE NUMBER
SOURCE DF MS F VALUE
REP 4 6428.7357 9.28
TRT 6 3978.3571 2.88
REP*TRT 24 1380.9107 1.99
ERROR 35 692.6571
CORRECTED TOTAL 69
CONTROL VS HERB 1 10903.8095 7.90
HERB 1 2041.6667 1.48
RATE 2 4770.6166 3.45
LINEAR 1 9363.6000 6.78
QUADRATIC 1 177.6333 0.13































R-SQUARE - 0.773366 C.V. - 26.5766
Appendix Table 13. (Continued).
VARIABLE: NODULE DRY WEIGHT (MG)
SOURCE DF MS F VALUE PR>F
REP 4 5850.1966 3.32 0.0210
TRT 6 30395.0889 3.88 0.0075
REP*TRT 24 7824.5216 4.43 0.0001
ERROR 35 1764.6583
CORRECTED TOTAL 69
CONTROL VS HERB 1 148031.4881 18.92 0.0002
HERB 1 2.9927 0.00 0.9846
RATE 2 14343.2811 1.83 0.1816
INTERACTION 2 2824.7451 0.36 0.7007
R-SQUARE - 0.864353 C.V. - 34.1813
VARIABLE: ROOT DRY WEIGHT (G)
SOURCE DF MS F VALUE PR>F
REP 4 0.4645 3.29 0.0218
TRT 6 0.0527 0.17 0.9812
REP*TRT 24 0.3019 2.14 0.0200
ERROR 35 0.1414
CORRECTED TOTAL 69
CONTROL VS HERB 1 0.0287 0.10 0.7604
HERB 1 0.1284 0.43 0.5205
RATE 2 0.0318 0.11 0.9004
INTERACTION 2 0.0477 0.16 0.8545
R-SQUARE - 0.655634 C.V. - 27.4342
VARIABLE: C0H./PLANT/H
SOURCE DF MS F VALUE PR>F
REP 4 1.6724 0.16 0.9580
TRT 6 169.9559 4.47 0.0036
REP*TRT 24 37.9814 3.59 0.0003
ERROR 35 10.5801
CORRECTED TOTAL 69
CONTROL VS HERB 1 718.7983 18.92 0.0002
HERB 1 62.5260 1.65 0.2117
RATE 2 59.0256 1.55 0.2319
INTERACTION 2 60.1799 1.58 0.2258
R-SQUARE - 0.839576 C.V. - 61.1215
1 3 1
Appendix Table 13. (Continued).
VARIABLE: C^/NODULE/H
SOURCE DF MS F VALUE PR>F
REP 4 0.0001 0.13 0.9714
TRT 6 0.0084 4.13 0.0055
REP*TRT 24 0.0020 2.55 0.0057
ERROR 35 0.0008
CORRECTED TOTAL 69
CONTROL VS HERB 1 0.0370 18.06 0.0003
HERB 1 0.0018 0.88 0.3573
RATE 2 0.0030 1.49 0.2458
INTERACTION 2 0.0029 1.43 0.2590
R-SQUARE - 0.781240 C.V. - 59.8596
VARIABLE: C^/NODULE DRY WEIGHT/H
SOURCE DF MS F VALUE PR>F
REP 4 0.0001 0.24 0.9110
TRT 6 0.0019 4.54 0.0017
REP*TRT 24 0.0004 0.94 0.5564
ERROR 35 0.0004
CORRECTED TOTAL 69
CONTROL VS HERB 1 0.0032 8.03 0.0092
HERB 1 0.0030 7.55 0.0112
RATE 2 0.0010 2.56 0.0982
INTERACTION 2 0.0016 4.14 0.0285
P LINEAR 1 0.0050 12.84 0.0015
P QUADRATIC 1 0.0000 0.13 0.7166
T LINEAR 1 0.0001 0.24 0.6306
T QUADRATIC 1 0.0001 0.19 0.6629
R-SQUARE - 0.591847 C.V. - 54.3470
JULY 29
VARIABLE: NODULE NUMBER
SOURCE DF MS F VALUE PR>F
REP 4 4442.0571 6.00 0.0009
TRT 6 2229.5952 3.01 0.0176
REP*TRT 24 1138.5238 1.54 0.1203
ERROR 35 740.1428
CORRECTED TOTAL 69
CONTROL VS HERB 1 2891.4381 2.54 0.1241
HERB 1 4752.6000 4.17 0.5220
RATE 2 1657.1166 1.46 0.2532
INTERACTION 2 1209.6500 1.06 0.3613
R-SQUARE - 0.692979 C.V. - 27.9728
13 2
Appendix Table 13. (Continued).
VARIABLE: NODULE DRY WEIGHT (MG)
SOURCE DF MS F VALUE PK>F
REP 4 4840.4269 0.79 0.5401
TRT 6 25502.0976 4.16 0.0030
REP*TRT 24 5753.0843 0.94 0.5578
ERROR 35 6133.2536
CORRECTED TOTAL 69
CONTROL VS HERB 1 97880.7069 17.01 0.0004
HERB 1 13503.0002 2.35 0.1386
RATE 2 2527.6906 0.44 0.6495
INTERACTION 2 18286.7486 3.18 0.0596
R-SQUARE - 0.591204 C.V. - 59.3097
VARIABLE: ROOT DRY WEIGHT (G)
SOURCE DF MS F VALUE PR>F
REP 4 0.6491 3.26 0.0225
TRT 6 0.5401 1.35 0.2741
REP*TRT 24 0.3998 2.01 0.0293
ERROR 35 0.1990
CORRECTED TOTAL 69
CONTROL VS HERB 1 0.7853 1.96 0.1738
HERB 1 0.6357 1.59 0.2194
RATE 2 0.7863 1.97 0.1618
INTERACTION 2 0.1233 0.31 0.7374
R-SQUARE - 0.689010 C.V. - 21.6685
VARIABLE: C.H,/PLANT/H
SOURCE DF MS F VALUE PR>F
REP 4 13.0119 1.26 0.3034
TRT 6 44.9024 4.35 0.0022
REP*TRT 24 13.7120 1.33 0.2169
ERROR 35 10.3117
CORRECTED TOTAL 69
CONTROL VS HERB 1 179.1832 13.07 0.0014
HERB 1 3.5090 0.26 0.6176
RATE 2 6.1340 0.45 0.6445
INTERACTION 2 37.2272 2.71 0.0865
R-SQUARE - 0.643180 C.V. - 80.0594
Appendix Table 13. (Continued).
VARIABLE: C^/NODULE/H
SOURCE DF MS F VALUE PR>F
REP 4 0.0013 2.13 0.0982
TRT 6 0.0027 4.42 0.0020
REP*TRT 24 0.0008 1.36 0.2022
ERROR 35 0.0006
CORRECTED TOTAL 69
CONTROL VS HERB 1 0.0101 12.34 0.0018
HERB 1 0.0002 0.03 0.8680
RATE 2 0.0003 0.46 0.6351
INTERACTION 2 0.0025 3.14 0.0613
R-SOUARE - 0.658770 C.V. - 64.1339
VARIABLE: C^/NODULE DRY WEIGHT/H
SOURCE DF MS F VALUE PR>F
REP 4 0.0002 0.55 0.7019
TRT 6 0.0002 0.82 0.5634
REP*TRT 24 0.0003 1.02 0.4670
ERROR 35 0.0003
CORRECTED TOTAL 69
CONTROL VS HERB 1 0.0002 0.76 0.3908
HERB 1 0.0003 1.06 0.3142
RATE 2 0.0000 0.10 0.9036
INTERACTION 2 0.0004 1.39 0.2689
R-SQUARE - 0.474813 C.V. - 60.9690
AUGUST 13
VARIABLE: NODULE NUMBER
SOURCE DF MS F VALUE PR>F
REP 4 1868.9786 4.28 0.0063
TRT 6 1867.0238 1.78 0.1456
REP*TRT 24 1048.0119 2.40 0.0089
ERROR 35 436.3286
CORRECTED TOTAL 69
CONTROL VS HERB 1 8113.6095 7.74 0.0103
HERB 1 395.2667 0.38 0.5449
RATE 2 620.5166 0.59 0.5610
INTERACTION 2 726.1166 0.69 0.5099
R-SQUARE - 0.741607 C.V. - 23.0230
Appendix Table 13. (Continued).
VARIABLE: NODULE DRY WEIGHT (MG)
SOURCE DF MS F VALUE
REP 4 50493.7055 10.79
TRT 6 39721.7866 2.35
REP*TRT 24 16891.2905 3.61
ERROR 35 4680.5156
CORRECTED TOTAL 69
CONTROL VS HERB 1 70530.9126 4.18
HERB 1 117191.8815 6.94
RATE 2 11728.5286 0.69
INTERACTION 2 13575.4340 0.80
R-SQUARE - 0.837726 C.V. - 29.0350
VARIABLE: ROOT DRY WEIGHT (G)
SOURCE DF MS F VALUE
REP 4 0.3686 1.84
TRT 6 0.2821 1.40
REP*TRT 24 0.2015 1.00
ERROR 35 0.2008
CORRECTED TOTAL 69
CONTROL VS HERB 1 0.1165 0.58
HERB 1 0.8454 4.19
RATE 2 0.1825 0.91
INTERACTION 2 0.1829 0.91
R-SQUARE - 0.532422 C.V. - 35.1758
VARIABLE: C0H./PLANT/H
SOURCE DF MS F VALUE
REP 4 186.1785 23.31
TRT 6 38.7057 2.28
REP*TRT 24 16.9850 2.13
ERROR 35 7.9873
CORRECTED TOTAL 69
CONTROL VS HERB 1 16.5926 0.98
HERB 1 140.3316 8.26
RATE 2 9.3939 0.55

























R-SQUARE - 0.832013 C.V. - 33.8604
Appendix Table 13 (Continued).
VARIABLE: C0H./NODULE/H
SOURCE DF MS F VALUE PR.F
REP 4 0.0146 13.62 0.0001
TRT 6 0.0046 4.34 0.0023
REP*TRT 24 0.0019 1.76 0.0633
ERROR 35 0.0011
CORRECTED TOTAL 69
CONTROL VS HERB 1 0.0138 7.34 0.0122
HERB 1 0.0109 5.82 0.0238
RATE 2 0.0002 0.12 0.8917
INTERACTION 2 0.0013 0.72 0.4987
R-SQUARE - 0.777922 C.V. - 35.2352
VARIABLE: C^/NODULE DRY WEIGHT/H
SOURCE DF MS F VALUE PR>F
REP 4 0.0007 11.21 0.0001
TRT 6 0.0005 2.80 0.0327
REP*TRT 24 0.0002 2.74 0.0033
ERROR 35 0.0001
CORRECTED TOTAL 69
CONTROL VS HERB 1 0.0024 13.40 0.0012
HERB 1 0.0002 1.25 0.2754
RATE 2 0.0001 0.69 0.5120
INTERACTION 2 0.0000 0.40 0.6758
R-SQUARE - 0.817217 C.V. - 22.23551
AUGUST 21
VARIABLE: NODULE NUMBER
SOURCE DF MS F VALUE PR>F
REP 4 25954.3214 6.39 0.0006
TRT 6 7117.1571 0.77 0.5981
REP*TRT 24 9196.2464 2.26 0.0135
ERROR 35 4061.2143
CORRECTED TOTAL 69
CONTROL VS HERB 1 8.0095 0.00 0.9767
HERB 1 33606.6667 3.65 0.0679
RATE 2 1588.3166 0.17 0.8424
INTERACTION 2 2955.8166 0.32 0.7282
R-SQUARE - 0.720946 C.V. - 35.0289
1 3 6
Appendix Table 13. (Continued).
VARIABLE: NODULE DRY WEIGHT (MG)
SOURCE DF MS F VALUE PR>F
REP 4 82871.9414 3.57 0.0152
TRT 6 36918.6939 0.63 0.7033
REP*TRT 24 58414.2555 2.52 0.0063
ERROR 35 23199.1350
CORRECTED TOTAL 69
CONTROL VS HERB 1 54419.1634 0.93 0.3441
HERB 1 20586.8327 0.35 0.5583
RATE 2 11544.1295 0.20 0.8220
INTERACTION 2 61708.9541 1.06 0.3633
R-SQUARE - 0.706543 C.V. - 34.0065
VARIABLE: ROOT DRY WEIGHT (G)
SOURCE DF MS F VALUE PR>F
REP 4 6.5647 9.26 0.0001
TRT 6 0.2983 0.42 0.8600
REP*TRT 24 0.7589 1.07 0.4188
ERROR 35 0.7086
CORRECTED TOTAL 69
CONTROL VS HERB 1 0.9722 1.28 0.2689
HERB 1 0.0861 0.11 0.7391
RATE 2 0.1096 0.14 0.8662
INTERACTION 2 0.2560 0.34 0.7169
R-SQUARE - 0.650997 C.V. - 32.3501
VARIABLE: C0H./PLANT/H
SOURCE DF MS F VALUE PR>F
REP 4 306.8941 6.29 0.0006
TRT 6 89.6594 0.80 0.5760
REP*TRT 24 111.3892 2.28 0.0127
ERROR 35 48.7648
CORRECTED TOTAL 69
CONTROL VS HERB 1 0.4774 0.00 0.9483
HERB 1 314.0966 2.82 0.1061
RATE 2 20.1473 0.18 0.8357
INTERACTION 2 91.5439 0.82 0.4516
R-SQUARE - 0.722280 C.V. - 39.0072
Appendix Table 13. (Continued).
VARIABLE: C_H,/NODULE/H
SOURCE DF MS F VALUE
REP 4 0.0094 3.99
TRT 6 0.0014 0.28
REP*TRT 24 0.0050 2.13
ERROR 35 0.0024
CORRECTED TOTAL 69
CONTROL VS HERB 1 0.0013 0.26
HERB 1 0.0026 0.52
RATE 2 0.0016 0.33
INTERACTION 2 0.0005 0.11
R-SQUARE - 0.668257 C.V. - 44.5514
VARIABLE: C0H./NODULE DRY WEIGHT/H
SOURCE DF MS F VALUE
REP 4 0.0004 0.86
TRT 6 0.0004 0.85
REP*TRT 24 0.0005 1.18
ERROR 35 0.0004
CORRECTED TOTAL 69
CONTROL VS HERB 1 0.0005 0.98
HERB 1 0.0006 1.11
RATE 2 0.0005 1.05
INTERACTION 2 0.0000 0.08



















SOURCE DF MS F VALUE
REP 4 10021.5571 1.99
TRT 6 20497.2143 4.07
REP*TRT 24 8130.3571 1.62
ERROR 35 5033.1143
CORRECTED TOTAL 69
CONTROL VS HERB 1 54606.0024 6.72
HERB 1 331.3500 0.04
RATE 2 6596.3166 0.81






















































R-SQUARE - 0.718494 C.V. - 29.0664
VARIABLE: ROOT DRY WEIGHT (G)
SOURCE DF MS F VALUE PR>F
REP 4 1.3183 3.61 0.0145
TRT 6 0.7849 2.15 0.0723
REP*TRT 24 0.6121 1.67 0.0805
ERROR 35 0.3655
CORRECTED TOTAL 69
CONTROL VS HERB 1 0.1252 0.20 0.6551
HERB 1 0.0723 0.12 0.7341
RATE 2 1.2265 2.00 0.1568
INTERACTION 2 1.0294 1.68 0.2072




























R-SQUARE - 0.805637 C.V. - 25.3807
1 3 9
Appendix Table 13 . (Continued).
VARIABLE: C0H ./NODULE/H
SOURCE DF MS F VALUE
REP 4 0.0160 5.45
TRT 6 0.0017 0.57
REP*TRT 24 0.0046 1.57
ERROR 35 0.0029
CORRECTED TOTAL 69
CONTROL VS HERB 1 0.0023 0.49
HERB 1 0.0005 0.10
RATE 2 0.0016 0.36
INTERACTION 2 0.0020 0.43
R-SQUARE - 0.642116 C.V. - 33.1154
VARIABLE: C0H,/NODULE DRY WEIGHT/H
SOURCE DF MS F VALUE
REP 4 0.0004 6.70
TRT 6 0.0001 0.67
REP*TRT 24 0.0001 1.86
ERROR 35 0.0000
CORRECTED TOTAL 69
CONTROL VS HERB 1 0.0002 2.23
HERB 1 0.0000 0.00
RATE 2 0.0000 0.46
INTERACTION 2 0.0000 0.43
R-SQUARE - 0.692734 C.V. - 23.3266
SEPTEMBER 25
VARIABLE: NODULE NUMBER
SOURCE DF MS F VALUE
REP 4 4794.7143 2.35
TRT 6 24649.4286 3.64
REP*TRT 24 6767.5476 3.32
ERROR 35 2040.2143
CORRECTED TOTAL 69
CONTROL VS HERB 1 55453.0381 8.19
HERB 1 1685.4000 0.25
RATE 2 42554.7166 6.29
LINEAR 1 84456.1000 12.48
QUADRATIC 1 653.3333 0.10



























R-SQUARE - 0.821884 C.V. - 26.6707
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Appendix Table 13. (Continued).
VARIABLE: NODULE DRY WEIGHT (MG)
SOURCE DF MS F VALUE
REP 4 106827.9052 1.16
TRT 6 874671.1963 3.63
REP*TRT 24 240724.3869 2.62
ERROR 35 92030.1841
CORRECTED TOTAL 69
CONTROL VS HERB 1 945289.4408 3.93
HERB 1 604930.0860 2.51
RATE 2 1840484.3780 7.65
LINEAR 1 3236130.7690 13.44
QUADRATIC 1 444837.9870 1.85
INTERACTION 2 8419.4480 0.03
R-SQUARE - 0.780489 C.V. - 27.1954
VARIABLE: ROOT DRY WEIGHT (G)
SOURCE DF MS F VALUE
REP 4 1.6694 5.53
TRT 6 0.9743 1.28
REP*TRT 24 0.7616 2.52
ERROR 35 0.3017
CORRECTED TOTAL 69
CONTROL VS HERB 1 0.0424 0.06
HERB 1 2.5110 3.30
RATE 2 1.5707 2.06
INTERACTION 2 0.0755 0.10
R-SQUARE - 0.744712 C.V. - 22.0856
VARIABLE: C0H,/PLANT/H
SOURCE DF MS F VALUE
REP 4 57.5510 3.29
TRT 6 158.2059 2.41
REP*TRT 24 65.7226 3.75
ERROR 35 17.5113
CORRECTED TOTAL 69
CONTROL VS HERB 1 200.3486 3.05
HERB 1 99.3307 1.51
RATE 2 318.1899 4.84
LINEAR 1 631.7070 9.61
QUADRATIC 1 4.6728 0.07





























R-SQUARE - 0.818114 C.V. - 28.5681
Appendix Table 13. (Continued).
VARIABLE: C.H,/NODULE/H
SOURCE DF MS F VALUE
REP 4 0.0011 1.34
TRT 6 0.0010 0.49
REP*TRT 24 0.0022 2.52
ERROR 35 0.0009
CORRECTED TOTAL 69
CONTROL VS HERB 1 0.0003 0.13
HERB 1 0.0005 2.28
RATE 2 0.0002 0.10
INTERACTION 2 0.0003 0.16
R-SQUARE - 0.676909 C.V. - 32.6115



































R-SQUARE - 0.746360 C.V. - 27.9654
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Appendix Table 14. ANOVA for the effects of pendimethalin and 
trifluralin herbicides on nodulation and ^  fixation of Centennial 
cuTtivar soybeans grown on an Olivier silt loam at the Burden Research 












































R-SQUARE - 0.581371 C.V. - 27.8125
































R-SQUARE - 0.646361 C.V. - 55.3510
JUNE 12
VARIABLE: NODULE NUMBER
SOURCE DF MS F VALUE PR>F
REP 4 143.9285 3.53 0.0161
TRT 6 133.1809 1.10 0.3936
REP*TRT 24 121.6036 2.98 0.0017
ERROR 35 40.8286
CORRECTED TOTAL 69
CONTROL VS HERB 1 204.4024 1.68 0.2071
HERB 1 93.7500 0.77 0.3886
RATE 2 34.0167 0.28 0.7584
INTERACTION 2 216.4500 1.78 0.1902
R-SQUARE - 0.750275 C.V. - 28.1309
143
Appendix Table 14. (Continued).
VARIABLE: NODULE DRY WEIGHT (MG)
SOURCE DF MS F VALUE
REP 4 1193.0632 7.52
TRT 6 1028.6279 2.68
REP*TRT 24 383.2752 2.42
ERROR 35 158.5577
CORRECTED TOTAL 69
CONTROL VS HERB 1 270.4024 0.71
HERB 1 1071.8827 2.80
RATE 2 1735.6326 4.53
LINEAR 1 3125.8240 8.16
QUADRATIC 1 345.4413 0.90
INTERACTION 2 679.1086 1.77
R-SQUARE - 0.783999 C.V. - 40.6380
VARIABLE: ROOT DRY WEIGHT (G)
SOURCE DF MS F VALUE
REP 4 0.0311 3.72
TRT 6 0.0161 1.93
REP*TRT 24 0.0100 1.20
ERROR 35 0.0084
CORRECTED TOTAL 69
CONTROL VS HERB 1 0.0016 0.16
HERB 1 0.0081 0.81
RATE 2 0.0081 0.81
INTERACTION 2 0.0355 3.54
R-SQUARE - 0.611990 C.V. - 21.8769
VARIABLE: C.H./PLANT/H
SOURCE DF MS F VALUE
REP 4 0.7911 8.17
TRT 6 0.1475 1.52
REP*TRT 24 0.1297 1.34
ERROR 35 0.0968
CORRECTED TOTAL 69
CONTROL VS HERB 1 0.0030 0.02
HERB 1 0.2968 2.29
RATE 2 0.2883 2.22



























R-SQUARE - 0.678886 C.V. - 55.4589
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R-SQUARE - 0.620647 C.V. - 54.6261
VARIABLE: C-H./NODULE DRY WEIGHT/H
SOURCE DF MS F VALUE PR>F
REP 4 0.0005 3.09 0.0278
TRT 6 0.0002 1.30 0.2843
REP*TRT 24 0.0002 1.22 0.2878
ERROR 35 0.0002
CORRECTED TOTAL 69
CONTROL VS HERB 1 0.0001 0.39 0.5403
HERB 1 0.0002 0.97 0.3351
RATE 2 0.0001 0.44 0.6495
INTERACTION 2 0.0004 2.06 0.1489
R-SQUARE - 0.585901 C.V. - 63.4259
JUNE 19
VARIABLE: NODULE NUMBER
SOURCE DF MS F VALUE PR>F
REP 4 135.9786 2.61 0.0520
TRT 6 398.1571 2.79 0.0334
REP*TRT 24 142.7702 2.74 0.0033
ERROR 35 52.0714
CORRECTED TOTAL 69
CONTROL VS HERB 1 770.8595 5.40 0.0289
HERB 1 0.0167 0.00 0.9915
RATE 2 598.7167 4.19 0.0274
LINEAR 1 1060.9000 7.43 0.0118
QUADRATIC 1 136.5333 0.96 0.3379
INTERACTION 2 210.3167 1.47 0.2492
R-SQUARE - 0.777251 C.V. - 31.0082
Appendix Table 14. (Continued).
VARIABLE: NODULE DRY WEIGHT (MG)
SOURCE DF MS F VALUE
REP 4 1478.8883 7.02
TRT 6 3795.1724 2.73
REP*TRT 24 5552.0447 2.56
ERROR 35 180.7659
CORRECTED TOTAL 69
CONTROL VS HERB 1 3254.2734 7.03
HERB 1 3.2202 0.01
RATE 2 2032.7645 4.39
LINEAR 1 4054.1822 8.76
. QUADRATIC 1 11.3467 0.02
INTERACTION 2 133.6612 0.29
R-SQUARE - 0.789776 C.V. - 47.9515
VARIABLE: ROOT DRY WEIGHT (G)
SOURCE DF MS F VALUE
REP 4 0.0803 1.52
TRT 6 0.0250 0.47
REP*TRT 24 0.0587 1.11
ERROR 35 0.0527
CORRECTED TOTAL 69
CONTROL VS HERB 1 0.0069 0.12
HERB 1 0.0115 0.20
RATE 2 0.0382 0.65
INTERACTION 2 0.0276 0.47
R-SQUARE - 0.504760 C.V. - 35.2822
VARIABLE: C_H./PLANT/H
SOURCE DF MS F VALUE
REP 4 1.3094 5.09
TRT 6 2.5145 2.60
REP*TRT 24 0.9670 3.76
ERROR 35 0.2572
CORRECTED TOTAL 69
CONTROL VS HERB 1 7.3975 7.65
HERB 1 0.8167 0.84
RATE 2 2.8069 2.90



























R-SQUARE - 0.828650 C.V. - 57.8451
Appendix Table 14. (Continued).
VARIABLE: C^/NODULE/H
SOURCE DF MS F VALUE PR>F
REP 4 0.0045 10.97 0.0001
TRT 6 0.0022 1.34 0.2769
REP*TRT 24 0.0016 3.98 0.0001
ERROR 35 0.0004
CORRECTED TOTAL 69
CONTROL VS HERB 1 0.0053 3.26 0.0834
HERB 1 0.0000 0.02 0.8869
RATE 2 0.0024 1.49 0.2450
INTERACTION 2 0.0015 0.90 0.4208












C0H./NODULE DRY WEIGHT/H 

























R-SQUARE - 0.491656 C.V. - 66.9310
JUNE 26
VARIABLE: NODULE NUMBER
SOURCE DF MS F VALUE PR>F
REP 4 1721.2643 4.49 0.0049
TRT 6 1423.0333 1.26 0.3118
REP*TRT 24 1128.2892 2.94 0.0018
ERROR 35 383.4571
CORRECTED TOTAL 69
CONTROL VS HERB 1 4666.6667 4.14 0.0532
HERB 1 1306.6667 1.16 0.2926
RATE 2 1274.8167 1.13 0.3397
INTERACTION 2 7.6167 0.01 0.9933
R-SQUARE - 0.760010 C.V. - 36.1293
Appendix Table 14. (Continued).
VARIABLE: NODULE DRY WEIGHT (MG)
SOURCE DF MS F VALUE
REP 4 5141.3851 4.29
TRT 6 4386.4911 1.01
REP*TRT 24 4324.9261 3.61
ERROR 35 1198.3074
CORRECTED TOTAL 69
CONTROL VS HERB 1 13437.9774 3.11
HERB 1 9228.0802 2.13
RATE 2 1337.8085 0.31
INTERACTION 2 488.6362 0.11
R-SQUARE - 0.782266 C.V. - 43.2213
VARIABLE: ROOT DRY WEIGHT (G)
SOURCE DF MS F VALUE
REP 4 0.1703 0.68
TRT 6 0.2319 0.93
REP*TRT 24 0.2123 0.85
ERROR 35 0.2499
CORRECTED TOTAL 69
CONTROL VS HERB 1 0.1587 0.75
HERB 1 0.5627 2.65
RATE 2 0.2468 1.16
INTERACTION 2 0.0833 0.42
R-SQUARE - 0.450356 C.V. - 43.6104
VARIABLE: C.H./PLANT/H
SOURCE DF MS F VALUE
REP 4 13.6437 6.50
TRT 6 4.8899 0.62
REP*TRT 24 7.9066 3.77
ERROR 35 2.0989
CORRECTED TOTAL 69
CONTROL VS HERB 1 10.3840 1.31
HERB 1 0.8640 0.11
RATE 2 3.8408 0.49

























R-SQUARE - 0.788376 C.V. - 48.2509
Appendix Table 14. (Continued).
VARIABLE: C^/NODULE/H
SOURCE DF MS F VALUE PR>F
REP 4 0.0033 5.35 0.0018
TRT 6 0.0011 0.99 0.4538
REP*TRT 24 0.0012 1.85 0.0469
ERROR 35 0.0006
CORRECTED TOTAL 69
CONTROL VS HERB 1 0.0000 0.01 0.9357
HERB 1 0.0000 0.00 0.9506
RATE 2 0.0009 0.79 0.4640
INTERACTION 2 0.0025 2.17 0.1357
R-SQUARE - 0.687306 C.V. - 45.8594
VARIABLE: C^/NODULE DRY WEIGHT/H
SOURCE DF MS F VALUE PR>F
REP 4 0.0006 5.65 0.0013
TRT 6 0.0005 1.98 0.1081
REP*TRT 24 0.0028 2.04 0.0265
ERROR 35 0.0001
CORRECTED TOTAL 69
CONTROL VS HERB 1 0.0000 0.01 0.9383
HERB 1 0.0005 1.92 0.1788
RATE 2 0.0002 0.82 0.4544
INTERACTION 2 0.0010 4.17 0.0279
R-SQUARE - 0.732669 C.V. - 29.3627
JULY 2
VARIABLE: NODULE NUMBER
SOURCE DF MS F VALUE PR>F
REP 4 2587.3714 5.54 0.0014
TRT 6 3304.9238 7.08 0.0001
REP*TRT 24 550.6797 1.18 0.3216
ERROR 35 466.6571
CORRECTED TOTAL 69
CONTROL VS HERB 1 7662.9429 13.92 0.0011
HERB 1 1382.4000 2.51 0.1262
RATE 2 4634.0500 8.42 0.0017
LINEAR 1 9272.0250 16.84 0.0004
QUADRATIC 1 6.0750 0.01 0.9172
INTERACTION 2 753.0500 1.37 0.2739
R-SQUARE - 0.726545 C.V. - 47.1959
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Appendix Table 14. (Continued).
VARIABLE: NODULE DRY WEIGHT (MG)
SOURCE DF MS F VALUE
REP 4 22207.3619 5.51
TRT 6 15962.4492 3.96
REP*TRT 24 5126.4138 1.27
ERROR 35 4028.1870
CORRECTED TOTAL 69
CONTROL VS HERB 1 35733.0381 6.97
HERB 1 9881.6667 1.93
RATE 2 15427.9072 3.01
INTERACTION 2 9652.0882 1.88
R-SQUARE - 0.685736 C.V. - 71.9697
VARIABLE: ROOT DRY WEIGHT (G)
SOURCE DF MS F VALUE
REP 4 0.5686 1.79
TRT 6 0.5908 1.86
REP*TRT 24 0.4517 1.42
ERROR 35 0.3172
CORRECTED TOTAL 69
CONTROL VS HERB 1 2.0526 4.54
HERB 1 0.5167 1.14
RATE 2 0.0810 0.18
INTERACTION 2 0.4069 0.90
R-SQUARE - 0.600143 C.V. - 38.0686
VARIABLE: C„H./PLANT/H
SOURCE DF MS F VALUE
REP 4 26.3590 5.11
TRT 6 14.7167 2.85
REP*TRT 24 5.7583 1.12
ERROR 35 5.1616
CORRECTED TOTAL 69
CONTROL VS HERB 1 4.1065 0.71
HERB 1 6.3961 1.11
RATE 2 19.8884 3.45
LINEAR 1 37.2683 6.47
QUADRATIC 1 2.5085 0.44



























R-SQUARE - 0.647565 C.V. - 72.5686
1 5 0






























































































































Appendix Table 14. (Continued).
VARIABLE: NODULE DRY WEIGHT (MG)
SOURCE DF MS F VALUE
REP 4 36022.6244 3.40
TRT 6 25775.8196 2.43
REP*TRT 24 12746.8445 1.22
ERROR 35 10588.0371
CORRECTED TOTAL 69
CONTROL VS HERB 1 133030.0834 10.31
HERB 1 5479.7927 0.42
RATE 2 7162.5920 0.56
INTERACTION 2 909.9287 0.07
R-SQUARE - 0.621412 C.V. - 41.7374
VARIABLE: ROOT WEIGHT (G)
SOURCE DF MS F VALUE
REP 4 1.0433 4.05
TRT 6 0.9924 3.85
REP*TRT 24 0.4102 1.59
ERROR 35 0.2579
CORRECTED TOTAL 69
CONTROL VS HERB 1 0.5499 1.34
HERB 1 1.5470 3.77
RATE 2 1.8927 4.61
LINEAR 1 2.0383 4.97
QUADRATIC 1 1.7471 4.26
INTERACTION 2 0.0362 0.09
R-SQUARE - 0.688726 C.V. - 28.7216
VARIABLE: C-H./PLANT/H
SOURCE DF MS F VALUE
REP 4 65.5529 4.62
TRT 6 17.1412 1.21
REP*TRT 24 19.7427 1.39
ERROR 35 14.1822
CORRECTED TOTAL 69
CONTROL VS HERB 1 66.2275 3.35
HERB 1 11.2147 0.57
RATE 2 7.6897 0.39



























R-SQUARE - 0.628254 C.V. - 42.9047
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R-SQUARE - 0.486667 C.V. - 32.6833
JULY 16
VARIABLE: NODULE NUMBER
SOURCE DF MS F VALUE PR>F
REP 4 8524.7500 4.32 0.0060
TRT 6 8973.6286 4.55 0.0016
REP*TRT 24 3372.7417 1.71 0.0722
ERROR 35 1971.1857
CORRECTED TOTAL 69
CONTROL VS HERB 1 12892.6881 3.82 0.0623
HERB 1 33.7500 0.01 0.9211
RATE 2 17708.1166 5.25 0.0128
LINEAR 1 25351.2250 7.52 0.0114
QUADRATIC 1 10065.0083 2.98 0.0969
INTERACTION 2 2749.5500 0.82 0.4544
R-SQUARE - 0.709971 C.V. - 45.1396
Appendix Table 14. (Continued).
VARIABLE: NODULE DRY WEIGHT (MG)
SOURCE DF MS F VALUE PR>F
REP 4 80082.9730 5.46 0.0016
TRT 6 104012.1005 2.62 0.0424
REP*TRT 24 39667.8262 2.71 0.0036
ERROR 35 14659.7401
CORRECTED TOTAL 69
CONTROL VS HERB 1 286249.1574 7.22 0.0129
HERB 1 424.0042 0.01 0.9185
RATE 2 161087.7980 4.06 0.0303
LINEAR 1 241895.8090 6.10 0.0210
QUADRATIC 1 80279.7870 2.02 0.1677
INTERACTION 2 7611.9226 0.19 0.8267
R-SQUARE -- 0.787057 C.V. - 44.7935
VARIABLE: ROOT DRY WEIGHT (G)
SOURCE DF MS F VALUE PR>F
REP 4 0.6959 1.70 0.1722
TRT 6 0.1963 0.73 0.6324
REP*TRT 24 0.7143 1.74 0.0653
ERROR 35 0.4095
CORRECTED TOTAL 69
CONTROL VS HERB 1 0.0777 0.11 0.7444
HERB 1 0.0036 0.01 0.9440
RATE 2 0.0618 0.09 0.9174
INTERACTION 2 0.0788 1.10 0.3480
R-SQUARE - 0.602357 C.V. - 30.1062
VARIABLE: C^/PLANT/H
SOURCE DF MS F VALUE PR>F
REP 4 54.0645 3.44 0.0179
TRT 6 92.3582 2.46 0.0538
REP*TRT 24 37.5754 2.39 0.0092
ERROR 35 15.6991
CORRECTED TOTAL 69
CONTROL VS HERB 1 209.3996 5.57 0.0267
HERB 1 3.9424 0.10 0.7488
RATE 2 120.2599 3.20 0.0586
INTERACTION 2 50.1437 1.33 0.2821
R-SQUARE - 0.752680 C.V. - 42.9954
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Appendix Table 14 (Continued).
VARIABLE: C,H,/NODULE/H
SOURCE DF MS F VAL
REP 4 0.0166 1.49
TRT 6 0.0121 1.09
REP*TRT 24 0.0095 0.85
ERROR 35 0.0112
CORRECTED TOTAL 69
CONTROL VS HERB 1 0.0000 0.01
HERB 1 0.0173 1.83
RATE 2 0.0146 1.55
INTERACTION 2 0.0131 1.39














































R-SQUARE - Os498279 CsVs - 99=5035
JULY 23
VARIABLE: NODULE NUMBER
SOURCE DF MS F VALUE PR>F
REP 4 1671.0500 1.29 0.2931
TRT 6 5507.1952 4.25 0.0026
REP*TRT 24 2157.3917 1.66 0.0830
ERROR 35 1296.3000
CORRECTED TOTAL 69
CONTROL VS HERB 1 17241.6214 7.99 0.0093
HERB 1 370.0167 0.17 0.6825
RATE 2 1218.7500 0.56 0.5758
INTERACTION 2 6497.0167 3.01 0.0681
R-SQUARE - 0.668527 C.V. - 28.2259
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Appendix Table 14. (Continued).
VARIABLE: NODULE DRY WEIGHT (MG)
SOURCE DF MS F VALUE PR>F
REP 4 80669.9075 4.53 0.0047
TRT 6 84762.7022 1.70 0.1639
REP*TRT 24 49818.2887 2.80 0.0028
ERROR 35 17802.7829
CORRECTED TOTAL 69
CONTROL VS HERB 1 143323.5094 2.88 0.1028
HERB 1 87493.2907 1.76 0.1976
RATE 2 63372.4065 1.27 0.2985
INTERACTION 2 75507.3001 1.52 0.2400
R-SQUARE - 0.764868 C.V. - 31.2079
VARIABLE: ROOT DRY WEIGHT (G)
SOURCE DF MS F VALUE PR>F
REP 4 1.5055 4.07 0.0082
TRT 6 0.7566 2.05 0.0854
REP*TRT 24 0.6348 1.72 0.0710
ERROR 35 0.3698
CORRECTED TOTAL 69
CONTROL VS HERB 1 0.0721 0.11 0.7390
HERB 1 3.0743 4.84 0.0376
RATE 2 0.3845 0.61 0.5538
INTERACTION 2 0.3121 0.49 0.6177
R-SQUARE - 0.665910 C.V. - 26.9005
VARIABLE: C_H,/PLANT/H
SOURCE DF MS F VALUE PR>F
REP 4 21.5347 2.53 0.0579
TRT 6 26.3388 0.75 0.6156
REP*TRT 24 35.1304 4.13 0.0001
ERROR 35 8.5148
CORRECTED TOTAL 69
CONTROL VS HERB 1 4.6284 0.13 0.7198
HERB 1 55.6229 1.58 0.2204
RATE 2 14.5751 0.41 0.6651
INTERACTION 2 34.3157 0.98 0.3910
R-SQUARE - 0.784874 C.V. - 37.6123
1 5 6
Appendix Table 14. (Continued).
VARIABLE: C„H,/NODULE/H
SOURCE DF MS F VALUE
REP 4 0.0010 1.35
TRT 6 0.0017 0.94
REP*TRT 24 0.0019 2.51
ERROR 35 0.0007
CORRECTED TOTAL 69
CONTROL VS HERB 1 0.0010 0.53
HERB 1 0.0028 1.50
RATE 2 0.0029 1.55
INTERACTION 2 0.0004 0.26
R-SQUARE - 0.695268 C.V. - 43.0844
VARIABLE: C„H./NODULE DRY WEIGHT/H
SOURCE DF MS F VALUE
REP 4 0.0001 0.50
TRT 6 0.0004 1.68
REP*TRT 24 0.0004 1.97
ERROR 35 0.0002
CORRECTED TOTAL 69
CONTROL VS HERB 1 0.0002 0.43
HERB 1 0.0000 0.01
RATE 2 0.0008 1.91
INTERACTION 2 0.0002 0.43
R-SQUARE - 0.629319 C.V. - 72.2529
JULY 29
VARIABLE: NODULE NUMBER
SOURCE DF MS F VALUE
REP 4 8249.2286 3.50
TRT 6 17071.7809 3.74
REP*TRT 24 4569.9536 1.94
ERROR 35 2357.8571
CORRECTED TOTAL 69
CONTROL VS HERB 1 19789.7357 4.33
HERB 1 23880.1500 5.23
RATE 2 28168.3500 6.16
LINEAR 1 36905.6250 8.08
QUADRATIC 1 19431.0750 4.25



























R-SQUARE - 0.748116 C.V. - 35.4658
Appendix Table 14. (Continued).
VARIABLE: NODULE DRY WEIGHT (MG)
SOURCE DF MS F VALUE PR>F
REP 4 195631.6784 4.86 0.0032
TRT 6 221170.5188 5.50 0.0004
REP*TRT 24 57270.1752 1.42 0.1669
ERROR 35 40218.2544
CORRECTED TOTAL 69
CONTROL VS HERB 1 248492.0381 4.34 0.0481
HERB 1 180248.1660 3.15 0.0887
RATE 2 384848.8651 6.72 0.0048
LINEAR 1 514405.0802 8.98 0.0063
QUADRATIC 1 255292.6501 4.46 0.0453
INTERACTION 2 64292.5895 1.12 0.3419
R-SQUARE - 0.712238 C.V. - 43.2743
VARIABLE: ROOT DRY WEIGHT (G)
SOURCE DF MS F VALUE PR>F
REP 4 2.4455 3.74 0.0124
TRT 6 0.4467 0.68 0.6647
REP*TRT 24 0.6133 0.94 0.5588
ERROR 35 0.6545
CORRECTED TOTAL 69
CONTROL VS HERB 1 1.1463 1.87 0.1843
HERB 1 0.3630 0.59 0.4492
RATE 2 0.2345 0.38 0.6863
INTERACTION 2 0.3509 0.57 0.5718
R-SQUARE - 0.542684 C.V. - 28.8305
VARIABLE: C^/PLANT/H
SOURCE DF MS F VALUE PR>F
REP 4 61.3137 7.41 0.0002
TRT 6 25.2991 3.06 0.0164
REP*TRT 24 7.3203 0.89 0.6171
ERROR 35 8.2699
CORRECTED TOTAL 69
CONTROL VS HERB 1 6.8915 0.94 0.3416
HERB 1 37.1936 5.08 0.0336
RATE 2 39.3477 5.38 0.0118
LINEAR 1 6.4964 0.89 0.3556
QUADRATIC 1 72.1990 9.86 0.0044
INTERACTION 2 14.5069 1.98 0.1598
R-SQUARE - 0.664285 C.V. - 47.4591
Appendix Table 14 (Continued).
VARIABLE: C0H./NODULE/H
SOURCE DF MS F VALUE PR>F
REP 4 0.0021 4.91 0.0030
TRT 6 0.0006 1.48 0.2122
REP*TRT 24 0.0006 1.38 0.1892
ERROR 35 0.0004
CORRECTED TOTAL 69
CONTROL VS HERB 1 0.0007 1.18 0.2890
HERB 1 0.0001 0.16 0.6964
RATE 2 0.0014 2.41 0.1114
INTERACTION 2 0.0001 0.15 0.8580
R-SQUARE - 0.637933 C.V. - 43.5082
VARIABLE: C0H./NODULE DRY WEIGHT/H
SOURCE DF MS F VALUE PR>F
REP 4 0.0001 3.97 0.0093
TRT 6 0.0002 5.51 0.0004
REP*TRT 24 0.0001 1.74 0.0657
ERROR 35 0.0000
CORRECTED TOTAL 69
CONTROL VS HERB 1 0.0001 2.05 0.1653
HERB 1 0.0000 0.23 0.6337
RATE 2 0.0004 7.27 0.0034
LINEAR 1 0.0006 11.58 0.0024
QUADRATIC 1 0.0002 2.97 0.0976
INTERACTION 2 0.0001 1.08 0.3560
R-SQUARE - 0.721717 C.V. - 37.6769
AUGUST 6
VARIABLE: NODULE NUMBER
SOURCE DF MS F VALUE PR>F
REP 4 2314.0500 0.66 0.6236
TRT 6 5922.1809 1.69 0.1526
REP*TRT 24 5285.0083 1.51 0.1312
ERROR 35 3503.9429
CORRECTED TOTAL 69
CONTROL VS HERB 1 16306.4024 3.09 0.0918
HERB 1 2926.0167 0.55 0.4641
RATE 2 8139.0167 1.54 0.2348
INTERACTION 2 11.3167 0.00 0.9979
R-SQUARE - 0.583243 C.V. - 40.0192
1 5 9
Appendix Table 14. (Continued).
VARIABLE: NODULE DRY WEIGHT (MG)
SOURCE DF MS F VALUE PR>F
REP 4 45308.4082 0.93 0.4580
TRT 6 175889.6483 3.61 0.0069
REP*TRT 24 78620.0200 1.61 0.0966
ERROR 35 48740.0866
CORRECTED TOTAL 69
CONTROL VS HERB 1 674297.9612 8.58 0.0074
HERB 1 56.2602 0.00 0.9789
RATE 2 163360.6291 2.08 0.1471
INTERACTION 2 27131.2051 0.35 0.7116
R-SQUARE - 0.646764 C.V. - 40.0384
VARIABLE: ROOT DRY WEIGHT (G)
SOURCE DF MS F VALUE PR>F
REP 4 1.0757 1.74 0.1627
TRT 6 0.9724 1.58 0.1835
REP*TRT 24 0.7233 1.17 0.3283
ERROR 35 0.6172
CORRECTED TOTAL 69
CONTROL VS HERB 1 0.9440 1.31 0.2645
HERB 1 0.2366 0.33 0.5726
RATE 2 1.7730 2.45 0.1075
INTERACTION 2 0.5539 0.77 0.4760
R-SQUARE - 0.560007 C.V. - 26.7817
VARIABLE: C^/PLANT/H
SOURCE DF MS F VALUE PR>F
REP 4 11.3052 1.54 0.2109
TRT 6 6.1703 0.41 0.8658
REP*TRT 24 15.0900 2.06 0.0251
ERROR 35 7.3217
CORRECTED TOTAL 69
CONTROL VS HERB 1 9.6430 0.64 0.4319
HERB 1 8.6336 0.57 0.4568
RATE 2 5.4749 0.36 0.6995
INTERACTION 2 3.8979 0.26 0.7745
R-SQUARE - 0.634260 C.V. - 42.9309
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Appendix Table 14. (Continued).
VARIABLE: C^/NODULE/H
SOURCE DF MS F VALUE PR>F
REP 4 0.0011 6.17 0.0007
TRT 6 0.0005 0.71 0.6431
REP*TRT 24 0.0007 4.05 0.0001
ERROR 35 0.0002
CORRECTED TOTAL 69
CONTROL VS HERB 1 0.0005 0.73 0.4002
HERB 1 0.0017 2.29 0.1434
RATE 2 0.0001 0.17 0.8446
INTERACTION 2 0.0003 0.46 0.6392
R-SQUARE - 0.799168 C.V. - 29.4065
VARIABLE: C^/NODULE DRY WEIGHT/H
SOURCE DF MS F VALUE PR>F
REP 4 0.0001 0.99 0.4265
TRT 6 0.0001 2.51 0.0397
REP*TRT 24 0.0000 1.03 0.4602
ERROR 35 0.0000
CORRECTED TOTAL 69
CONTROL VS HERB 1 0.0001 2.41 0.1338
HERB 1 0.0001 1.33 0.2595
RATE 2 0.0001 1.80 0.1868
INTERACTION 2 0.0001 3.65 0.0412
P LINEAR 1 0.0004 8.42 0.0078
P QUADRATIC 1 0.0000 0.99 0.3294
T LINEAR 1 0.0000 0.84 0.3689
T QUADRATIC 1 0.0000 0.66 0.4260
R-SQUARE - 0.555476 C.V. - 53.3805
AUGUST 13
VARIABLE: NODULE NUMBER
SOURCE DF MS F VALUE PR>F
REP 4 4112.1978 1.86 0.1390
TRT 6 6502.0238 1.38 0.2629
REP*TRT 24 4713.0595 2.13 0.0200
ERROR 35 2207.7143
CORRECTED TOTAL 69
CONTROL VS HERB 1 33678.8595 7.15 0.0133
HERB 1 183.7500 0.04 0.8451
RATE 2 2242.9167 0.48 0.6271
INTERACTION 2 331.8500 0.07 0.9322
R-SQUARE - 0.685695 C.V. - 38.3965
1 6 1
Appendix Table 14 (Continued).
VARIABLE: NODULE DRY WEIGHT (MG)
SOURCE DF MS F VALUE
REP 4 268403.0093 5.31
TRT 6 247609.9050 1.61
REP*TRT 24 153718.3710 3.04
ERROR 35 50543.4423
CORRECTED TOTAL 69
CONTROL VS HERB 1 1226459.4172 7.98
HERB 1 55711.3482 0.36
RATE 2 96595.3811 0.63
INTERACTION 2 5148.9511 0.03
R-SQUARE - 0.779356 C.V. - 38.8771
VARIABLE: ROOT DRY WEIGHT (G)
SOURCE DF MS F VALUE
REP 4 3.6783 4.05
TRT 6 1.5049 1.70
REP*TRT 24 0.9159 1.01
ERROR 35 0.9078
CORRECTED TOTAL 69
CONTROL VS HERB 1 0.0302 0.03
HERB 1 1.3343 1.46
RATE 2 0.1810 0.20

















R-SQUARE - 0.591140 C.V. - 28.8587
VARIABLE: C-H./PLANT/H
SOURCE DF MS F VALUE
REP 4 19.8786 2.81
TRT 6 7.1136 1.00
REP*TRT 24 6.8419 0.97
ERROR 35 7.0869
CORRECTED TOTAL 69
CONTROL VS HERB 1 9.9607 1.46
HERB 1 7.3500 1.07 ‘
RATE 2 4.0034 0.59









R-SQUARE - 0.535889 C.V. - 49.2984
1 6 2
Appendix Table 14 (Continued).
VARIABLE: C0H./NODULE/H
SOURCE DF MS F VALUE PR>F
REP 4 0.0006 1.29 0.2943
TRT 6 0.0009 1.88 0.1129
REP*TRT 24 0.0006 1.32 0.2222
ERROR 35 0.0005
CORRECTED TOTAL 69
CONTROL VS HERB 1 0.0012 1.92 0.1787
HERB 1 0.0015 2.26 0.1454
RATE 2 0.0005 0.85 0.4378
INTERACTION 2 0.0008 1.31 0.2877
R-SQUARE - 0.578797 C.V. - 45.5043
VARIABLE: C-H,/NODULE DRY WEIGHT/H
SOURCE DF MS F VALUE PR>F
REP 4 0.0000 0.62 0.6512
TRT 6 0.0000 0.99 0.4441
REP*TRT 24 0.0001 1.95 0.0347
ERROR 35 0.0000
CORRECTED TOTAL 69
CONTROL VS HERB 1 0.0001 1.73 0.2003
HERB 1 0.0000 0.16 0.6897
RATE 2 0.0000 0.03 0.9681
INTERACTION 2 0.0000 0.55 0.5861
R-SQUARE - 0.612549 C.V. - 48.9459
Appendix Table 15. ANOVA for the effects of pendimethalin and 
trifluralin herbicides on seed yield of Centennial cultlvar soybeans 


































R-SQUARE - 0.409961 C.V. - 15.2648
JUNE 21
SOURCE DF MS F VALUE PR>F
REP 4 293.9888 8.34 0.0003
TRT 6 7.4779 0.21 0.9692
ERROR 24 35.2529
CORRECTED TOTAL 34
CONTROL VS HERB 1 4.1569 0.12 0.7344
HERB 1 5.6732 0.16 0.6920
RATE 2 10.2442 0.29 0.7505
INTERACTION 2 8.0950 0.23 0.7966
R-SQUARE - 0.600905 C.V. - 14.4239
Appendix Table 16. ANOVA for the effects of pendimethalin and 
trifluralln herbicides on seed yield of Centennial cultivar soybeans 
grown on an Olivier silt loam at the Burden Research Plantation, Baton 
Rouge, La. 1985.
SOURCE DF MS F VALUE PR>F
REP 4 96.9419 6.96 0.0007
TRT 6 18.9092 1.36 0.2716
ERROR 24 13.9312
CORRECTED TOTAL 34
CONTROL VS HERB 1 48.6203 3.49 0.0740
HERB 1 1.7095 0.12 0.7292
RATE 2 23.4787 1.69 0.2066
INTERACTION 2 8.0839 0.58 0.5674
R-SQUARE - 0.599856 C.V. - 9.5538
DEPARTMENT OF AGRONOMY
LO UISIA NA A G R IC U L T U R A L  E X P E R IM E N T  ST A T IO N  
LO UISIA NA S T A T E  U NIV ERSITY  A G R IC U L T U R A L  C E N T E R
155 Agronom y-Horticulture Building 
Baton R ouge, LA 70803-2110  
504 388 -2110
August 28, 1985
Dr. Robert G. Kalinsky, Editor 
Proceedings of Louisiana Academy of Sciences 
Department of Biological Sciences 
Louisiana State University in Shreveport 
8515 Youree Drive 
Shreveport, LA 71115
Dear Dr. Kalinsky:
I have recently published a piece of research in The Proceedings of the 
Louisiana Academy of Sciences. The article, entitled "The Relationship 
Between Nodulation, ^ ( 021*2 ) Fixation, and Soybean Growth Stage", Vol. XLVII, 
December, 1984, was authored by myself and Edward P. Dunigan. Since this 
study was part of the research which I have conducted during my graduate 
research program for the doctorate degree, 1 would like to include this 
publication in my dissertation.
Since the dissertation will be copied in microfilm form, the LSU graduate 
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